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1. Introduction

This attachment contains listings of the FORTRAN routines and C functions that comprise version 0 of the
BLINK software routine. The listings are divided by functional block as In the description of the software
routine given In Attachment VI. Section 2 of this attachment provides the listing of the code consistent
with the functional blocks of Attachment VI and Table 1-1 below.

Table 1-1 Location of Listings for Each Functional Block

Section - Contents
2.1 Main Function
2.2 Service Routines
2.3 Input Routines
2.4 jinut Editing Routines
2.5 1 Deck Generation Routines
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2. Routines for BUNK

2.1. Main Routine

- - Load Library Header Files - - - - - - - - - - - - - - - - - - - - -
- - - -- - - - -- -

#include <stdio.h>
#include <string.h>
#include <time.h>
#include <malloc.h>
(include <errno.h>

/* - - - - - - - - - - - - - - - - - -

- - Global Type Definitions - - - - - - - - - - - - - - - - - - - - - -

*1
typedef char ascii-string(1331;
typedef struct ascii record-

struct ascii record *last;
ascii string line;
struct ascii record *next;
} a record;

typedef struct s materiall
struct 8 material *last;
int atomicnumber;
int mass number;
float weight_percentage;
char library suffix(5];
struct smaterial *next;
I 11 material;

typedef struct u-list(
struct u list *last;
int index;
ascii string label;
struct u list *next;

) usagelist;

typedef struct su list{
struct su-list *last;
int index;
ascii string label;
ascii string value;
char mnemonict4];
ascii-string equivalent-label;
struct su-list *next;

1 surface-usagelist;

typedef struct fuel geometry(
ascii string gds name;
int latdim;
int nwr:
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float cthick;
float asin;
float wgap;
float rngap;
float cradius;
float fsrd;
float cfsrd;
float rpitch;
float cod;
float cid;
float pod;
char frcmat(6l;
char fcmatf6j;
)fg-list;

typedef struct all( srcal*at

init basis lattice material index;
irnt latticce mater~ial-index-;
struct all *next;
Iaugmented-lattice list;

- - Function Prototypes…------------

void aborto0;
void headerfl;
void lineso0:
void echo(char [],char (1);
int *memory integer(int,int,int.*);
float *memory-float(int,int,float*)
.ascii-string *memory ..ascii string (it1 int1 ascii-string*)
void readin(char(],int *, charfl,int *,int~* *,int *,float *,int*
,init *,int *,int *,float *,float *,float *,float *,float *,float
,float *,float *,float *,char *,char *,char [],char *,char*
,char *,char *,char *,char *,int *,charfl,charfl,float
,float *,float *,float *,float *);

void redmaps(int *,int *,int *,int *,int *,int *,int *,int *,int
,int *,int *,int *,int *,int *,irnt *,int *,int *,int *, int*
,int *);

void redlats~int *, int *, int*, int
void ldlv(int *,int *,int *,int *);
void ldlvr(int *,int *,int *,float*)
void nladd(int, ascii string )
void ftclose(int *);
void rblade(int *,char(),int *,int *,float *,float *,float *,float
,float *,float *,float *,float *,int *,float *,float *,charfl,char(]
,char(1 ,char(]);

void rlattice(int *,char(I,int *,float *,float *,float *,float*
,float *,float *,float *,float *,float *,float *,float*,chart)
,chartj,int *,int *);

fgj.list *memoryfglist (it1 int1 fqlist*)
void lodct(int *,int *,int *,int *,int *,int *,int *,int *,int
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,int *);
void editin(char[l,char E],char [],int,int,float,int,int,int,int,int
,int,int *,int *,int *, int *,int *,int,int,ascii string *
,ascii string *,char (],int,chartl,float,float,float,char[lchar(l);

void coredb edt(int1intint1 int1 floatfloatfloatfloatfloatfloat
,float,float,float,int *,char [],char (],char [l,char 1]
,char (],float,float);

void bladedb edt(int,float,float,float,float,float,float,float,float
,int,floatfloat,char(],charcl,char(l,charfl);

void fgds-edt(int,char(],ascii string *,fg list *;
void edit ct(int,int *p);
int clattice(int *, int *,int *,int *,int*)
void strngr(int *,int *,int *,ascii string *);
a record *load core mtls(char (,int);
a record *memory ascii record(int,a record );
usage list *memoryusagelist(int,usage list *);
surface usagelist *memorysurface usagelist(int
,surface usage-list *);

void vessel generation(float,float,float,float,float,float,float,float
,float,FILE *,FILE *,FILE *,int *,int *,int *,a-record *,char(]
,char[(,char (,charE],char[],char[(,int,surface usage list *

,usagejlist **,float,float);
void ccmgen(int *,int *,int *,int *,int *,int *,int *,int
,int *,int *,int *,int *,int *,int *,int *);

void build control blade(int,float,float,float,float,float,float
,float,floatint,float,float,char(J,charU],char(J,char(J,usage list *
,surface usage list *,a record *,FILE *,FILE *,FILE *,int *,int *
,float,int *,int *,int *,int *);

void generate deck(FILE *,FILE *,FILE *,FILE *);
void copy ascii file(FILE *,FILE *);
void echoMCNP deck(FILE *);
void discard scratch file(char El);
void memsumo;
int mchar(int *,char (1);
11 material *load fuel material(int *,char(3,charEl,int,int **,float **);
void generate lattice model(int *,int *,FILE *,FILE *,FILE -
,surface usage list *,usagelist *,int *,fglist *,ascii string *
,int,char[],float,float,int *,a record *,int *,int *,char[]);

void build assemblies(int *,int *,FILE *,FILE *,surface usage list *
,float *,int **,int,int *,int,int *,int *);

usagelist *load-usagelist(char[ ,int,usage list );
void build control cells(int *,int *,int,int,int *,int *,int,FILE *,FILE *
,float,surface usage list *,float,int,float,float,char(l,usage list *
,a record *,in-t *,int *,FILE *,float,float,float,int,int *,$nt*)

void core lattice generation(int *,int *,float,float,surface usage list
,usage list *,int *,int,int,FILE *,FILE *,int,int *,float);

void source specification(int,float,int,int,FILE *,int,int,int *,int *
,float,float,int,int,int,int,int,float);

void edituniverses(int,int,int *,int *,int,int,int,int,int,int,int *
,int *);

void edit surfaces(surface usage list *);
void editmaterials(usage list *),
void edit spacer(int,int *,float *,ascii string );
void spacer location(int,int,float,int *,float *,int *);
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augmented lattice list *memory lattice list(int
,augmented lattice list *);

void augment lattice list (int *,int *,mtint int, intontpint1 t1 int *
,int *,augmented lattice list *,int *i;

11 material *material match(a record *,char[],float *,int *);
void rollupllm(ll material *);

I'
Global -- - - - - - - - - - - - - - - - - - - - - - - - - - -
Global Variables - - --- - - - - - - - - - - - -- - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- Integer Variables
nline

version
storagemi
storage-r
storage_c

storage it
storagert
storage ct

cdate
crtime

pid

number of lines on current output page
version
current
current
current
maximum
maximum
maximum
date of
time of
process

number of code
integer storage requested (bytes)
real-storage requested (bytes)
character storage requested (bytes)
integer storage requested (bytes)
real storage requested (bytes)
character storage requested (bytes)
code execution
code execution
identifier for code execution

*/
short nline - 0, version - 0;
int storage i - 0, storager - 0 storage it - 0, storage rt - 0,

storage c - 0, storage ct - 0;
int long pid;

/* - Character Variables */
char modification level -
char codenm[S] - "BLINK";
char cdate[9] - (NULL);
char crtime(9] - (NULL);
ascii string case title;

/* - FILE Pointers */
FILE *nout;

void main(int argc, char *argvl]) (
/- - - - - - - - - - - - - - - - -
- - * B W R L I N K * Creates MCNP Input Decks for Modeling of
- - Commercial Reactor Critical "Experiments"
- - (CRC) with Fuel Constituent Number Densities
- - from SAS2H Analyses

- - Command Line Argumentts):
- - prefix - Prefix for Names of Input and Output Files

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - nin - FORTRAN logical unit number for input file
- - lucgeom - FORTRAN logical unit number for core geometry dataset
- - file

- - length.fin - length of input file name
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r

nJ

incc

naxial - number of axial nodes in fuel assemblies
nrow - number of rows in core map for the whole core
ncol - number of columns in core map for the whole core

nrowp - number of rows in core map in problem
ncolp - number of columns in the core map in the problem
nrowb - number of control blade location rows for the whole

core
ncolb - number of control blade location columns for the

whole core
nrowbp - number' of control blade rows in the problem
ncolbp - number of control blade columnes in the problem
ibundlg - number of unique fuel assemblies geometrical indices
ibundlm - number of unique fuel assemblies material indices
.atticg - number of unique fuel lattice geometrical indices
.atticm - number of unique fuel lattice material indices
naxpl - naxial+l
valid - map of valid fuel locations in core (dynamic)
gmap - map of fuel assembly geometrical indices (dynamic)
mmap - map of fuel assembly geometrical indices (dynamic)

lgvect - vector for lattice geometrical assignment to fuel
lattices

lmvect - vector for lattice material assigment to fuel
lattices

validb - map of valid control blade locations in core (dynamic,
bladep - map of control blade axial positions (dynamic)
)re-loc - map of locations of incore instrumentation locations

(dynamic)
lt - scratch integer array used for input processing

(dynamic)
nsrck - nominal source size per cycle in MCNP

ikz - number of cycles to be skipped before beginning tally
accumulation in MCNP

kct - number of cycles to be performed in MCNP
ncell - counter for number of cells generated for non-trans-

lated cells (this begins 6 2001 to give headroom
for indexing of cells that must be translated)

;urface - counter for number of surfaces generated
kterial - counter for number of materials generated
core-f - fraction of core in problem

(1 - full, 2 - half, 4 - quarter)
tiverse - number of universes in problem
nrowcc - number of rows in control cell map
ncolcc - number of columns in control cell map
ccmap - pointer to map of unique control cells
ntube - number of absorber tubes in control blade

ncs - number of central stiffeners in control blade wing

na
nma

nur

ptr correspondence table
- pointer to table containing array giving correspondence

between fuel geometry indices and fuel material indices
ptrufl - pointer to vector of universe indices corresponding to

the lattice models created for each unique lattice type
ptr ufa - pointer to vector of universe indices corresponding to

the fuel assembly models created for each unique
fuel assembly type
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- _ fau
ucb - universe of control blade
fill - pointer to array containing fuel j

to control cells
ndm - periodicity for dumps to TPE file
mct - flag for creating MCTAL file

(0 - no file, <> 0 - create file)
ndmp - maximum number of dumps

assembly assignments

- - ptr-n-spacez

- - ptr spacer r

I
- pointer to vector containing number of spacers for

each fuel assembly geometrical type
iode

- - - pointer to array containing the axial node locations
- - for each fuel assembly geometrical type
- - total lspacer locations
- - - total number of spacer locations in geometrically
- - unique fuel assemblies
- - nlatticm ref
- - - number of lattice material indices before addition of
- - indices for spacer grid treatment
- - ncell tr - cell indicies for translated cells

* 1
int nin - 5, lucgeom - 1, nsrck - 10000, ikz - 10, kct - 310;
int ndm - 5, mct - 1, ndmp - 2;
int ncell - 2000, nsurface - 0, nmaterial - 0, coref - 4;
int nuniverse - 0, ncell tr - 0;
int ntube - 0, ncs - 0, ucb, nlatticm ref;
int nrowcc, ncolcc, total spacer locations;
int length fin - 132;
int naxial, nrow, ncol, nrowp, ncolp, nrowb, ncolb, nrowbp, ncolbp

,nbundlg, nbundlm, nlatticg, nlatticm,naxpl;
int *valid, *gmap, *xmap, *lgvect, *lmvect, *validb, *bladep, *incore loc
, *lt;
int *ccmap, *ptr n spacer, *ptr spacer node;
int *ptr correspondence table, 'ptr ufl, *ptr ufa, *fau fill;

/* - Float Variable(s)
- - afl - active fuel lpnnth

_#'

bypass c
inchannel c
blade windc

apitch - fuel assembly pitch
sod - shroud outer radius

sthick - shroud thickness
vod - pressure vessel outer radius

vthick - pressure vessle thickness
tutpr - Top of Upper Tie Plate Region
tcgr - Top of Core Grid Region

bltpr - Bottom of Lower Tie Plate Region
bcpr - Bottom of Core Plate Region
rkk - initial guess for eigenvalue in MCNP

lensity - bypass water density
density - in-channel water density
Dw offset

- sizing of windows for control blades
and fuel assemblies in control cell
template

cbspan - control blade span
atid - blade absorber tube inner diameter (cm)



Waste Package Operations Calculation (Attachment)

Title: Listing of Routines and FunctiOns for BLINK, Version 0
Document Identifier BOOOOOOO-01717-0210-00010 REV 01 Attachment XIV Page 10 of 241

atod -

cbthick -
trspan -

trthick -
cblength -

wsthick -
csoff -

cswidth -
dtod -

dtid -

ptr nab -
cb stroke -

rho -

rhobyp -

tempk -

ptrspacer location

blade
blade
blade
blade
blade
blade
blade
blade

absorber tube outer diameter (cm)
wing thickness (cm)
tie rod span (cm)
tie rod thickness (cm)
active absorber length (cm)
wing thickness (cm)
central stiffener offset (cm)
central stiffener width (cm)

incore guide tube outer diameter (cm)
incore guide tube inner diameter (cm)
axial nodal boundary coordinates
control blade stroke (cm)
input in-channel density value (g/cc)
input bypass density value (g/cc)
input problem temperature (Kelvins)

pointer to array containing spacer
axial location (w/r/t Bottom of Active
Fuel)

*/
float afl, apitch, sod, sthick, vod, vthick, tutpr, tcgr, bltpr
, bcpr, dtod, dtid, rho - 0.0, rhobyp - 0.0, tempk - 293.15;
float cbspan - 0.0, atid - 0.0, atod - 0.0, cbthick - 0.0
,trspan - 0.0, trthick - 0.0, cblength - 0.0, wsthick - 0.0
,csoff - 0.0, cswidth - 0.0, cb stroke - 365.76;

float rkk - 1.0, bypass density - 1.0, inchannel density - 1.0;
float blade window offset - 0.40;
float *ptr nab, *ptr spacer location;

1* - Character Variables
- - fin - name for input file
- - fout - name for output file
- - inname - FORTRAN NAMELIST on input file
- - prefix - prefix for names of input and output files
- - core db - name of core geometry database file
- - lprefix - prefix for lattice geometry database
- - fprefix - prefix for fuel material intermediate database
- - lgdsnam - pointer to names of datasets for unique geometrical
- - lattice types
- - lmdsnam - pointer to names of datasets for unique geometrical
- - lattice types
- - cell file - name for scratch file for cell definitions
- - surface file - name for scratch file for surface definitions
- - material file - name for scratch file for material definitions
- - MCNP file - name for MCNP input file
- - core mtls - name of core materials database file
- - mvessel - vessel material identifier
- - mshroud - core shroud material identifier
- - mtg - core top guide region material identifier
- - mcp - core plate region material identifier
- - mutp - upper tie plate region material identifier
- - mltp - lower tie plate region material identifier
- - migt - incore guide tube material identifier
- - blade db - dataset containing blade geometry for problem
- - cbpmat - identifier for blade poison material
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- - atmat - identifier for absorber tube poison material
- - cbsmat - identifier for blade sheath material
- - cbtrmat - identifier for blade tie rod material
- - ptr spacer material
- - - pointer to vector containing alphanumeric
- - identifiers for each fuel assembly spacer
- - material mnemonic

*1
char fin[133], fout[133];
char inname!8] - "LINKIN";
char prefix(133], core -db133], lprefix(133], fprefix(1331
, cell file(133], surface file(133], material file[1331
, MCNP file(133], core mtls[133], blade db(1331;

char mshroudl6], mvessel[61, mtg[61, mcpf 6], mutp[6], mltp(61
, migt[6J;

char cbpmat[6], atmat(6], cbsmat[6), cbtrmat[6];
ascii string *lgdsnam, *lmdsnam, *ptr spacer material;

/* - file pointers
- - lmcnp - file for MCNP Input Deck
- - lu8 - scratch file for NCNP card images for cell definitions
- - lu9 - scratch file for MCNP card images for surface definitions
- - lulO - scratch file for MCNP card images for material defini-

tions
*1

FILE *lmcnp, *lu8, *lu9, *lulO;
1* - Structured Variable(s)
- - ptr core mtls - pointer to first record of linked list for
contents
- - of core materials dataset
- - ptr surface usage - pointer to first record of linked list for
- - surface labels and indices
- - ptr material usage - pointer to first record of linked list for
- - material labels and indices
- - ptr lgds - pointer to lattice geometry datasets
- - additional lattices - material lattice indices for lattices added for
- - spacer grid treatment

*1
a record *ptr core mtls;
usage list *ptr material usage;
surface usage list *ptr surface usage;
fg list *ptr lgds;
augmented lattice list *additional-lattices;

/* - initialize global variables not explicitly initialized elsewhere */

1* - verify presence of prefix for input and output file names, if found
- - construct files names - - - - - - - - - - - - - - - - - - - - -*
if(argc < 2)

puts("No file prefix available from command line -- abort\n");
return;)

else {
strcpy(prefix,argv[1]);
strcpy(fin,prefix);
strcat(fin, ".inp");
strcpy(fout,prefix);
strcat(fout,".out");
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/* - open input and output files for processing *1
{ FILE *inp;
inp - fopen(fin,"r");
if(!inp) (
puts("Input file cannot be opened\n");
return,)

fclose(inp);
I
nout - fopen(fout,'ww);
header);

/* - echo input stream to output stream *-
echo(inname,fin);

/* - Process Input Directives - - - - - - - - - - - - - - - - - - -*
/* - Read Namelists */
readin(fin,&length fin,core db,&nin, &lucgeom, &naxial,&afl,&nrow
,&ncol,&nrowp,&ncolp, &apitch,&sod,&sthick, vod, &vthick
,&tutpr,&tcgr,&bltpr,&bcpr,lprefix,fprefix,core mtls,mvessel
,mshroudmtgmcp,mutp,mltp,&core f,blade dbmigt,&dtod,&dtid
,6rho,&rhobyp,&tempk);

/* - Set interal variables for in-channel and bypass water densities *1
if(rho I- 0.0) inchannel density - rho;
if(rhobyp !- 0)
.bypass-density - rhobyp;
else

if(rho !- 0)
bypass-density - rho;

/* - Allocate Memory for Arrays */
nrow%2?(nrowb - nrow/2+1):(nrowb - nrow/2);
ncol%2?(ncolb - ncol/2+1):(ncolb - ncol/2);
nrowp%2?1nrowbp - nrowp/2+1):(nrowbp - nrowp/2);
ncolp%2?(ncolbp - ncolp/2+1:(ncolbp - ncolp/2);
valid - memory integer(l,Cnrow*ncol),valid);
gmap - memoryinteger(l,(nrowp*ncolp),gmap);
mmap - memory integer(l,(nrowp*ncolp),mmap);
validb - memory integerCl,(nrowb*ncolb) ,validb);
bladep - memory integer(l,(nrowbp*ncolbp),bladep);
incore loc - memory integer(l,(nrowb*ncolb),incore loc);
lt - memory integerfl,(nrowp*ncolp),lt);
*- Read Arrays from Input and Core Geometry File */
{ int maxb;
maxb - nrowp*ncolp;
redmaps(&nin,&lucgeom, nrow,&ncol,&nrowp,&ncolp,valid,gmap,validb
,bladep, nbundlg,&maxb,lt, nrowb,&ncolb, nrowbp,&ncolbp
,incore loc,mmap,&nbundlm);

)
/*- Return Scratch Memory and Arrays that are No Longer Needed - - *1
valid - memory integer(-l,(nrow*ncol),valid);
validb - memory integer(-l,(nrowb*ncolb),validb);
lt - memory integer(-l,(nrowp*ncolp),lt);

/* - Read Lattice Assignments to Fuel Types - - */
naxpl - naxial+l;
lgvect - memory integer(l,(naxpl*nbundlg),lgvect);
ldlv(&nbundlg,&naxpl,&nin,lgvect);
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Lmvect - memory integer(l,(naxpl*nbundlm),lmvect);
ldlv(&nbundlm, &naxpl,&nin,lmvect);

/* - Determine the Number of Unique Lattices */
(int max;
max - naxpl*nbundlg;
lt - memory integer(l,max,lt);
nlatticg - (int) clattice(&naxpl, &nbundlg, &max,lgvect,lt);
lt - memory integer(-l,max,lt);
max - naxpl*nbundlm;
lt - memory integer(l,max,lt);
nlatticm - (int) clattice(&naxpl,&nbundlm,&max,lmvect,lt);
lt - memory-integer(-l,max,lt);

}
/* - Read Names of Datasets for Unique Lattice Geometrical and - - -

- - Material Indices */
/*- Dataset Names are Limited to 132 Characters */
lgdsnam - memory ascii string(l,(nlatticg),lgdsnam);
lmdsnam - memory ascii string(l,(nlatticm),lmdsnam);

/* - Dataset Names for Fuel Geometries */
{ int len - 133;
strngr (&nin,&len,&nlatticg,lgdsnam);

/* - Dataset Names for Fuel Material Intermediate Datasets *1
strngr(&nin,&len,&nlatticm,lmdsnam);

/* - Spacer Information - - - - - - - - - - - - - - - - - - - -*
( short int i;

mnt one - 1;
/* - Read Number of Spacers for Each Fuel Assembly Geometrical

- - Type */
ptr n spacer - memory integer(l,nbundlg,ptr n spacer);
ldlv(&one, &nbundlg,&nin,ptr n spacer);

/* - Compute Total Number of Spacers in Problem */
( short int i;
int *ptr - ptr n spacer;
for(i - 1si <- nbundlg;i++){
total spacer-locations a- *ptr;
ptr++;)

}
/* - Read in Spacer Locations and Material Mnemonic for each Fuel

- - Assembly Geometrical Type */
ptr spacer location - memory float l,total spacer locations
,ptr-spacerilocation);
ptrspacer material - memory ascii string(l,nbundlg
,ptrispacer material);

ldlvr(&one,itotal spacer locations, &nin,ptr spacer location);
{ short int i;
int len - 133;
strngr(&nin,&len,&nbundlg,ptr spacer material);

/* - Load Contents of Fuel Geometry Datasets - - - - - - - - - - -*
/* - Allocate Memory */
ptr-lgds - memory_fg_list(l,nlatticg,ptr lg.ds);
I short int i;
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int latdim, nwr;
float cthick, asin, wgap, ngap, cradius, fsrd, cfsrd, rpitch
,Cod, cid, pod;

char frcmat[7), fcmat[7];
ascii string *as - lgdsnam, fn;
fg list *p;
p - ptr lg ds;
Iint len-l32, length;
length - mchar(&len,lprefix);
lprefix(length] -'\0';
length - mchar(&len,fprefix);
fprefix(lengthl - '\0';

}
for( i - 1; l <- nlatticg; i++,p++,as++){

int len-132, length;
ascii string holder;
strncpy(holder,*as,len);
length - mchar(&len,holder);
holdertlength) - ';
strncpy(*as,holder,(length+1));

1
strcpy(fn,lprefix);
strcat(fn,*as);
rlattice(&length fin,fn,&lucgeom,&cthick,&asin,&wgap, angap
,&cradius, &fsrd,&cfard, rpitch,&cod,&cld,&podfrcmat,fcmat
,&latdim,&nwr);

strcpy(p->gds name,*as);
p->latdim - latdim; p->nwr - nwr; p->cthick - cthick;
p->asin - asin; p->wgap - wgap; p->ngap - ngap;
p->cradius - cradius; p->fsrd - fsrd; p->cfsrd - cfsrd;
p->rpitch - rpitch; p->cod - cod; p->cld - cld;
p->pod - pod;
int len-6, length;
length - mchar(&len,frcmat);
frcmat[length) '-\0;
length - mchar(&len,fcmat);
fcmat(length) - '\0';

strncpy(p->frcmat,frcmat,6);
strncpy(p->fcmat,fcmat,6);)

)
/* - Close Input File 1

ftclose(&nin);
/* - Compute Nodal Locations of Spacers */
ptr spacer node - memory integer(l,total spacer locations
,ptr spacer node);

spacer location(naxial,nbundlg,afl,ptr n spacer
,ptr spacer location,ptr spacer node);

/* - Read Contents of Blade Geometry Dataset */
rblade(&length fin,blade db,&lucgeom, £ntube,&cbspan,&atid, atod
,&cbthick,&trspan,&trthick,&wsthick,&cblength,&ncs,&csoff,&cswidth
,cbpmat,atmat,cbsmat,cbtrmat);

/* - Generate Correspondence Table of Fuel Geometry Indices and Fuel
- - Material Indices */
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ptr correspondence table -
memory integer(l,(2*nlatticm),ptr correspondence table);

lodct(&nrowp,&ncolp, naxpl, &nlatticg,&nlatticm,gmap,mmap
,lgvect,lmvect,ptr correspondence table);

1* - Edit Input Instructions - - - - - - - - - - - - - - - - -*
editin(core dblprefix,fprefix,naxial,naxpl,afl,nrowp,ncolpnrowbp
,ncolbpnbundlg,nbundlm,gmap,mmap,lgvectlmvect,bladepnlatticg
,nlatticm,lgdsnamlmdsnamcore mtls,core f,blade db,rho,rhobyp
,tempk,mutp,mltp);

/* - Edit Contents of Core Geometry Dataset - - - - - - - - - - - -*
coredb edt(nrow,ncolnrowb,ncolb,apitch,vod,vthicksodsthick,tutpr
.,tcgrbltprbcprincore locmvesselmshroud,mtgmcp,migt,dtod,dtid);

/* - Edit Contents of Blade Geometry Dataset - - - - - - - - - - - -
bladedb edt(ntubecbspan,atid,atod,cbthick,trapan,trthick,wsthick
,cblengthncs,csoff,cswidth,cbpmat,atmat,cbsmat,cbtrmat);

/* - Edit Contents of Fuel Geometry Datasets - - - - - - - - - - - -*
fgdsedt(nlatticg,lprefix,lgdsnam,ptr lg.ds);

/* - Edit Spacer Input Information - - - - - - - - - - - - - - - - -*
edit spacer(nbundlg,ptr n spacer,ptr spacer location
,ptr-spacer material);

/* - Edit Fuel Material/Geometry Correspondence Table - - - - - - -*
edit ct(nlatticm,ptr correspondence table);

/* .7- - - - - - - - - - -- - - - - - - - - - - - - -

- - Add Lattice Definitions for Spacer Grid Treatment - - - - - - - -
- - - - - - -- - - - - - - - -/

nlatticm ref - nlatticm;
additional lattices - memory lattice list(l,additional lattices);
augment lattice list (&nlatticm,lmvect,'lgvect,nlatticm ref,nlatticg
,nbundlm,nbundlg,naxial,ptr n_spacer,ptr spacer node -
,additional lattices, ptr correspondence table);

/* - Regenerate Correspondence Table */
ptr-correspondence-table - memory integer(-l,(2*nlatticm ref)
,ptr correspondence table);

ptr correspondence table - memoryjinteger(l,(2*nlatticm)
,ptrcorrespondence table);

lodct(&nrowp,&ncolp, naxpl,&nlatticg, nlatticm,gmap,mmaplgvect
,lmvect,ptr correspondence table);

/* - Edit New Lattice Material Index Vector and Correspondence Table */
lines(7);
fprintf(nout,"OLattice Material Index Vector has been Regenerated");
fprintf(nout,m to Accomodate Spacer Modeling\n");
fprintf(nout,"OFuel Assembly Index/Lattice Index\n");
l short int i,j;

int *p - lmvect;
fprintf(fnout,"bundle");
for(i - 1;i <- naxial;i++)

fprintf(nout,"%5i",i);
fprintf(nout,"\n\n");
for(j - O;j < nbundlm;j++){
fprintf(nout,"%Si "f,*p);
p++;
for(i, - l;i < naxpl;i++)(
fprintf(nout,"t5i",*p);
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if(i > 1) linestl);
fprintf(nout,"\n");

)

lines(2);
fprintf(nout,wONew Correspondence Table\n\n");
edit- ct(nlatticm,ptr-correspondence table);

J* - - - - - - - - -- - - - - - - - - - - - - - - - - - -

- - Generate Input Deck for MCNP - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - -f

strcpy(cell file,prefix);
strcat(cell file,".cel"l)
strcpy(surface file,prefix);
strcat(surface file, .sur); -
strcpy(material file,prefix);
strcat(material file,".mat");

J* - Open Scratch Files for Segments of MCNP Input Deck */
lu8 - fopen(cell file,"w");
Iu9 - fopen(surface file,"w");
lulO - fopen(material file,"w");

/* - Load Core Materials Database into Memory *1
ptr core mtls - load core mtls(core mtls,length fin);

/* - Set up first acess to surface usage pointer *1
ptr surface usage -
memory surface usagelistll,ptr surface usage);

ptr surface usage->last - NULL;
ptr surface usage->index - 0;
strcpy(u",ptr surface usage->label);
strcpy (wl,ptr surface usage->value);
strcpy n "",ptr surface usage->mnemonic);
strcpy( C",ptr surface usage->equivalent label);
ptr surface usage->next - NULL;

P - Write Representations for Core Structural Components */
vessel generation(apitch,vod,vthick,sod, sthick,tutpr,tcgrbltpr,bcpr
,luB,lu9,lulO,&ncell,&nsurface,&nmaterial,ptr core mtls,mvessel
,mshroud,mtg,mcp,mutp,mltp,core f,ptr surface usage
,aptr-material-usage,bypass-density,afl);

/* - Generate Control Blade Model */
build control blade(ntube,cbspan,atid,atod,cbthick,trspan,trthick
,wsthick,cblengthncs,csoff,cswidth,cbpmat,atmat,cbsmat,cbtrmat
,ptr material usage,ptr surface usage,ptr core mtls,lu8,1u9,lulO
,&nuniverse,&nmaterialfbypass density,&ncell,&ucb,&nsurface
,ancell tr);

/* - Create Fuel Assembly Models - - - - - - - - - - - - -*
J* - Create In-channel Moderator Material */
{ short int i, nloc;

char *cp, zaid[lll;
ascii string label;
usage list *ptr ml - ptr material usage;
do(

ptr ml - ptr ml->next;)
while~ptrml->next 1- NULL);
strcpy(label,"Inchannel Water");
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fprintf(lulO,"c ts\n",label);
nmaterial++;
ptr ml - load usage list(labelnmaterialptr ml);
strcpylzaid,-"01001.50c");
nloc - 0;
if(nmaterial < 1000) nloc++;
if(nmaterial < 100) nloc++;
if(nmaterial < 10). nloc++;
strcpy~label,"2.0");
{ short int ip;
for( ip - 1; ip <- nloc; ip++) fprintf(lulO," ");
fprintf(lulO,"m%i %s %s\n",nmaterial,zaid,label);

strcpy(zaid,"008016.50c");
strcpytlabel, "l.1");
fprintf(lulO," %s %s\n",zaid,label);
short int ip;
for( ip - 1; ip <- (nloc-l); ip++) fprintf(1u1O," ");
fprintf(lulO,"nt%i lwtr.02\n",nmaterial);

}

ptr ufl - memory integer(2,nlatticm,ptr ufl);
(,nt n, ufl, nlat, index, n-entries;
float density;
-int *p ufl - ptr ufl;
ascii string *p-sm - ptr spacer material;
11_material *ptr mtl;
usage list *ptr ml;
augmented lattice list *p-addlat - additional lattices;
for(n - 1; n <- nlatticm ref; n++,pufl++)(
generate lattice model(&ncell,&nmaterial,luB,lu9,lulO
,ptr surface usage,ptr material usage
,ptr correspondence table,ptr lg.ds,lmdsnam,n,fprefix
,inchannel density,bypass density,&nuniverse
,ptr core mtls,&ufl,&nsurface,"Inchannel Water");
*p ufl - ufl;)

J* - Add Lattices Incorporating Spacer Grids */
forin - (nlatticm-ref+l);n <- nlatticm;n++,p ufl++)(

/* - Determine Material Density and Add Composition to Input
- - Deck */

I short int i;
int len - 132, length, *lmv - lmvect, nlatm, nlatg;
int *p - ptr correspondence table;
ascii string buffer;

/* - Find Lattice Geometry Index Corresponding to Lattice
- - Material Index */

for(i - 1;i < n;i++) lmv++;
nlatm - *lmv;
for(i - l;i < nlatm;i++) (p++; p++;)
P++;
nlatg - *p;
for(i - l;i < nlatg;i++,p sm++);
strncpy(buffer,*p_sm,len);
length - mchar(4len,*p ssm);
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buffer(length) - \OR
strncpy(*p _sm,buffer,len);

ptr mtl - material match(ptr core mtls,*p sm,6density
,&in_entries);

search usage list(l,*psm,&index,ptr material-usage);
if(index -- O)
nmaterial++;
ptr ml - ptr material usage;
while(ptr ml->next 1--NULL) ptr ml - ptr ml->next;
index - (ptr ml->index)+l;
ptr ml - load usagelist(*psm,index,ptr ml);
add material lulO, nmaterial,*pasm,n entries,ptr mtl);
{ short int nb,nblank - 0;
if(nmaterial < 100) nblank - 1;
if(nmaterial < 10) nblank - 2;
for(nb - 1;nb <- nblank;nb++) fprintf(lulO," ");
fprintf(lulO,"mti lwtr.01\nM nmaterial);

rollup llm(ptr mtl);)
/* - Generate New Lattices */

nlat - paddlat->basis-lattice material index;
generate lattice model (&ncell,&nmaterial,lu8,1u9,lulO
,ptr surface usase,ptr material usage
,ptr correspondence table,ptr lg ds,lmdsnam,nlat
,fprefix,density,bypass density,&nuniverse
,ptr coremtls,fiufl,(cnsurface,*p sm);
*pufl - uf1;
p addlat - paddlat->next;

}
/* - Compute Nodal Axial Boundaries */
ptr nab - memory float(l,(naxial-1),ptr nab);
{ short int i;
float delta, last, *p-ptr nab;
delta - afl/(Ufloat) naxial);
last - 0.0;
for(i - l;i <- (naxial-l);i++,p++){
*p - last+delta;
last - *p;

/* - Generate Unique Lattice Definitions - - - - - - - - - - -
ptr ufa - memoryinteger(1,nbundlm,ptr ufa);
build assemblies(&ncell,Snuniverse,luS, 1u9,ptr surface usage
,ptr nab,&ptr ufa,nbundlm,lmvect,naxial,ptr ufl,6&nsurface);

ptr nab - memory-float(-l,(naxial-1),ptr nab);
/* - Determine the Location and Number of Unique Control Cells 'I

{ int *ccmapw, nu cc;
nu cc - nuniverse+l;
if(core f - Of
ncolcc - (ncolp/2)+l;
nrowcc - (nrowp/2)+l;)

if(core f - M
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nrowpt4?(nrowcc - nrowp/2):(nrowcc - (nrowp/2)+l);
ncolp%4?(ncolcc - ncolp/2):(ncolcc - (ncolp/2)+1);)

if(core f - 2){
ncolcc - (ncolp/2)+l;
nrowp%4?(nrowcc - nrowp/2):(nrowcc - (nrowp/2)+l);)

ccmap - memory integer(l,(ncolcc*nrowcc),ccmap);
ccmapw - memory integer(l,'(6*ncolcc*nrowcc),ccmapw);
ccmgen(&nrowp,&ncolpmmap, nrowcc,&ncolcc, ccmapccmapw, Lcore f
,&ncolbp,&nrowbp,bladep,&nuniverse,incore loc,&nrowb,&ncolb);

/* - Generate Control Cells *1
fau fill - memory integer(l,4*(nuniverse-nu cc+1),fau fill);
build control cells(&ncell tr,&nuniverse,ncolcc,nrowcc,ccmap,ccmapw
,(nuniverse-nu cc+l),lu8,1u9,blade window offset,ptr surface usage
,apitch,ucb,cbspan,cb stroke,migtptr material usage,ptr core mtls
,&nmaterial,ptr ufa,lulO,bypass density,dtid,dtod,nu cc,fau fill
,&nsurface);

/* - Genrate Control Cell Lattice *J
core lattice generation(&ncell,&nsurface,apitch,bypass density
,ptr surface usage,ptr material usage,ccmapncolcc,nrowcc
,lu8,1u9,coref,&nuniverse,afl);,

edit universes (ncolcc,nrowcc,ccmap,fau fill,core f,ncolp,nrowp
,nu cc,nlatticm,nbundlm,ptr ufl,ptr ufa);

ptr-ufl - memoryinteger(-l,nlatticm,ptr ufl);
sourcespecification(nsrck,rkk,ikz,kct,lulO,ncolcc,nrowccccmap
,fau fill,apitch,afl,core f,ndm,mct,ndmp,(ncell-2000+ncell tr)
,tempk);
faufill - memoryinteger(l-1,4*(nuniverse-nu cc+l),fau fill);
ccmapw - memoryinteger(-1,(6*ncolcc*nrowcc),ccmapw);

}
ptr ufa - memory integer(-l,nbundlm,ptr ufa);

/* - Edit Surfaces Generated */
edit surfaces(ptr surface usage);
edit materials(ptr material usage);

/* - Close Scratch File for Deck Segments */
fclose(lu8);
folose lu9);
fclose(lulO);

/* - Build MCNP Deck from Segment Files */
strcpyIMCNP file,prefix);
strcat(MCNP file," m.inp");
lmcnp - fopen(MCNP file,Tw*);

/* - Open Scratch Files for Segments of MCNP Input Deck */
lu8 - fopen(cell file,"r");
lu9 - fopen(surface file,"r");
lulO - fopen(material file,"r");
generate deck(lmcnp,lu8,1u9,lul0);
fclose lu8); fclose lu9); fclose(lul0);
fclose(lmcnp);

/* - Discard Scratch Files */
discard scratch file(cell file);
discard scratch file(surface file);
discard scratch file(material file);

J* - Echo MCNP Input Deck to Output File */
lmcnp - fopen(MCNP file, "r");
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echo MCNP deck(lmcnp);
/* - Return Memory */
incore loc - memory integert-l,(nrowb*ncolb),incoreloc);
bladep - memory integer(-l,(nrowbp*ncolbp),bladep);
gmap - memory integer(-l,(nrowp*ncolp),gmap);
mmap - memory integer(-l,(nrowp*ncolp),mmap);
lgvect - memory integerC-l,(naxpl*nbundlg),lgvect);
lmvect - memory integer(-l,(naxpl*nbundlm),lmvect);
lgdsnam - memory ascii string(-l,(nlatticg),lgdsnam);
lmdsnam - memory_8scii string(-l,(nlatticm ref),lmdsnam);
ptrlg_ds - memory fglist(-l,nlatticg,ptr lg.ds);
ptr correspondence table -

memory integer(-1,(2*nlatticm),ptr correspondence table);
/* - end of processing - - - - -- - - - - - - - - - - - - - - - - -*
memsumO);
fclose(nout);
return;

}
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22. Service Routines

Function abort
#include <stdio.h>

void abortf(
/* … - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - * a b o r t * Handles abnormal terminations detected by the
- - calling routine

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - -
- - FILE Variable(s)
- - nout - pointer to code output file

*1
extern FILE *nout;

/* - Write Termination Processing Message - - - - - - - - - - - - - - -*
fprintf(nout,"O*** Processing Stops ***\n");
exit(O);
return;

Function bufferpad

void bufferpadichar buffer[, int start, int last)(
/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---

- - * b u f f e r p a d * Adds blanks to character string
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Argument(s):
- - buffer - string variable to which add blanks (input)
- - start - starting location for adding blanks (input)
- - last - ending location for adding blanks (input)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - i - counter

*/
short int i, begin;

/* - Character Variable(s)
- - blank - blank character */
char blank - '
if(start -- 0)1

strncpy(buffer," , 1);
* begin - 1;)

else begin - start;
for( i - begin; i <- last; i++)
strncat(buffer,&blank,l);

3
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Function copy ascii file

* include~stdio .h
I include<string.h

void copy ascii file(FILE *lul,FILE *lu2)1
/*.-- - - - - - - - - - - - - - - - - - - -~. - -
- - * cop y a ac ii f ilIe * Copies Contents of

File to Another

- - Argument(s):
- - ~lul - pointer to target file
- - 1lu2 - pointer to source file

One ASCII

(input)
(input)

--Variable Definition(s)…----------
--Character Variable(s)
- - ~c - single character used to read from source file
- - ~p - pinter ot, character variable
-- buffer - string variable used to load entire lines for print

unsigned char c;
char *p;
char buffer(OlJ;

/* - Copy Line by Line - ----------- 1
do
(strcpy (buffer,"");
p - buffer;
do
(c -fgetc(lu2);

p4+;)
while((c !- 10) La (c !-255))
if(c I- 255){

p,- buffer;

while(c I- lOH
fputc(*p,lul);
p++;
c - *p;)

fprintf(lu1, "\n");)
) while(c I- 255);
return;
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Function discard scratchjble
#include<stdio.h>
#include<stdlib.h>
#include<string.h>

void discard scratch file(char filenm[1){
/* - - - -_ - - - - - - - - - - -

- - * d i s c a r d s c r a t c h f i l e * Creates sub-pro-
to Delete Files
used for Scratch
Processing

- - Argument(s):
- - filenm - specification for file to be discarded (input)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - return-code - return code from system call

*/
int returncode - 0;
/* - Character Variable(s)
- - buffer - string variable used to load command for sub-process

*/
char buffer(1333;

/* - FILE Variable(s)
- - nout - output file string pointer

*/
extern FILE *nout;

/* - Create Command String for Sub-process - - - - - - - - - - - - -
sprintf(buffer,"rm -f %s\n",filenm);
return code - system(buffer);
if(return code !- O)(
lines(5);
fprintf(nout,w0*** W a r n.i n g *** Function");
fprintf(nout," discard scratch file -- Error on rm Call\n");
fprintf(nout,"OError Number ti Detected\n");
fprintf(nout, "\n");

}
return;

)
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Function fortran message
#include <stdio.h

void fortran messageichar messagetl321)(
/* - - - - - -- - - - - - - - - - - - -_

- - * f o r t r a n m e a s a g e * writes messages from FORTRAN
routines to output files

- - Variable Definition(s) - - - - - - - - - - - - -… - - - - - - -
- - FILE Variable(s)
- - nout - output file

*1
extern FILE *nout;

/* - Write Message to Output File - - - - - - - - - - - - - - - - -*
fprintf(nout,message);
fprintf(nout, \nm);
return;

)
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Subroutine ftclose
SUBROUTINE FTCLOSE(UNIT)

C - - - - - -- - - - - - - - - - - - - - - - - - - _
C - - * F T C L O S E * Closes Sequential Files
C - … - - - -- - _ - - - - - - - - - - - - - - - - _
C - - Argument(s):
C - - UNIT - Logical Unit Number Associated with the (input)
C - - File to be Closed
C - - - - - - _ - - - - - - - - - - - - - - - - - - _
C- -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C - - MESSAGE - String for Messages

INTEGER UNIT
CHARACTER*132 MESSAGE

C -- - - - - - - - - - - - - - - - - - - - - -
CLOSE(UNIT-UNIT,STATUS-'KEEP',IOSTAT-IOS,ERR-500)

C - - Normal End of Processing - - - - - - - - - - - - - - - - - - - -
RETURN

C - - Error Processing - - - - - - - - - - - - - - - - - - - - - - - -
500 CALL lines(2)

MESSAGE -
2 '0*** F A T A L E R R O R *** SUBR. FCLOSE -- Error Number'
LOC - MCHAR(132,MESSAGE)+l
WRITE(MESSAGE(LOC:(LOC+3)),'(I4)} IIOS
WRITE(MESSAGE((MCHAR(132,MESSAGE)+1):)

2 ,'(' Encountered Closing Loical Unit: t")')
LOC - MCHAR(132,MESSAGE)+1
WRITE(MESSAGE(LOC:(LOC+l)),'(I2)') UNIT
CALL fortran message (MESSAGE)
CALL lines (2)
CALL abort()
RETURN
END
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Subroutine ftopen
SUBROUTINE FTOPEN(UNIT,FNAME)

C -- - - - - - -- - - - - - - -- - - - - - - -_

C - - * F T 0 P E N * Opens Sequential Files for Processing
C - -- - - - - - - -- - - - - - - - - - - - - - -_

C - - Argument(a):
C - - UNIT - Logical Unit Number to Associate with the (input)
C - - File to be Opened
C - - FNAME - Name of File to Open (input)
C - - - -- - - - - -- - - - - - - - - - - - - - - - -_

C-
C - -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C - - MESSAGE - message to pass to output file

INTEGER UNIT
CHARACTER*132 MESSAGE
CHARACTER*(*) FNAME

C -- - - - - - - - - - - - - - - - - - - - - - - - -
OPEN (UNIT-UNIT,NAME-FNAME, IOSTAT-IOS, ERR-500)

C - - Normal End of Processing - - - - - - - - - - - - - - - - - - - -
RETURN

C - - Error Processing - - - - - - - - - - - - - - - - - - - - - - - -

500 CALL lines(3)
MESSAGE -
2 '0*** F A T A L E R R 0 R *** SUER. FTOPEN --

WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):)
2 ,'("Error Number "')')
LOC - MCHAR(132,MESSAGE)+l
WRITE(MESSAGE(LOC:(LOC+3)),'(14)') IOS
WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):)
2 ,'(r Encounterd Opening File:'')')

CALL fortran message(MESSAGE)
MESSAGE - I I
WRITE(MESSAGE,'(A)') FNAME
CALL fortran message(MESSAGE)
CALL lines(2)
CALL abort(o
END
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Function header

#include <stdio.h>
#include <string.h>
{include <time.h>
typedef char ascii string(133);

void headero{

- - * h-e a d e r * Prints the header at the top of each page
- - - - - - - - - - - - - - -- - - - - - -- - - - - - - - - - - - -

1�

*1

Variable Declaration(s) - - - - - - - - - - - - -
Integer Variables
npage - page number
pid - process id for linkage code execution

nline - current line number on output page
version - version number for code

- - - - - - - */

static short npage - 0;
extern long pid;
C

e*

xtern short nline;
*xtern short version;
- Character Variables
- cdate -
- crtime -
- codenm -
- modification level -
- case title -

date of execution
time of execution
name of code
modification level for code
title for this analysis

*1
extern char cdate(9);
extern char crtime(9);
extern char modification level;
extern char codenm(5];
extern ascii string case title;

/* - FILE Variable(s)
- - nin - input file
- - nout - output file
*/
extern FILE *nin, *nout;

/* - Structures
*/

struct tm *timeptr;
/* - Initialization for first call - - - - - - - - - - - - - - - - -*
if(strlen(cdate) - NULL)
( size t maxsize - 9;
long tloc - {NULL};
time(&tloc);
timeptr - localtime(&tloc);
strftime(cdate,maxsize, "x",timeptr);
strftime(crtime,maxsize,"X",timeptr);
pid - getpido;

/* - Print FORTRAN-type page eject and header record…*/
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npage++;
fprintf(nout, "1");
fprintf(nout,"*** U);

t register unsigned int i;
char *p;
p - codenm;
for (i-0; i < strlen(codenm); i++,p++)
fprintf~nout,"tc nt *p) ;

)
fprintf(nout,"*** VERS. ");
fprintf(nout,"%2i",version);
fprintf(nout,":");
fprintf(nout,"tc",modification level);
fprintf(nout," ** CRWMSM&O DATE: '1;
fprintf(nout,cdate);
fprintf(nout,", TIME: ts",crtime);
fprintflnout," PID: t5i",pid);
I register unsigned int i;
for(i - l;i <- 37;i++) fprintf(nout,". i);

fprintf(nout," PAGE: tu \n",npage);
if(npage !- 1) t

fprintf(fnout,n ");
fprintf(nout,case title);
fprintf(nout,w\n");
fprintf(nout, \n");
nline - 4;)

else
nline - 3;

return;
)
Subroutine Invali

SUBROUTINE INVALI(NVALVECTOR,VALUE)
C - - - -- - - - - - - - - - - - _
C - - * I N V A L I * Initializes a integer vector to a single value
C - - _ - - - - - - - - - - - - _
C - - Argument(s):
C - - NVAL - Number of entries in vector (input)
C - - VECTOR - Vector to be initialized (output)
C - - VALUE - Value to initialize vector with (input)
C - - -- - - - - - - - - - - - _
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -

INTEGER VALUE
INTEGER VECTOR(NVAL)

C - - Sweep through vector initializing entries - - - - - - - - - - -
DO N - 1,NVAL
VECTOR(N) - VALUE

ENDDO
C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -

RETURN
END
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Subroutine InvaIr

SUBROUTINE INVALR(NVALVECTOR,VALUE)
C - - _ - - - - - - - - - - - - - - - - - - - _
C - - * I N V A L R * Initializes a real vector to a single value
C - - - - - - _ - - - - - - - - - - - - - - - - - - _
C - - Argument(s):
C - - NVAL - Number of entries in vector (input)
C - - VECTOR - Vector to be initialized (output)
C - - VALUE - Value to initialize vector with (input)
C -_ - - - - - - - - - - - - - - - - - - - - - -

C - -
C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - -

DIMENSION VECTOR(NVAL)
C - - Sweep through vector initializing entries - - - - - - - - - - -

DO N - 1,NVAL
VECTOR(N) - VALUE

ENDDO
C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -

RETURN
END

Function lines

void lines(int nl){
/* - - - - I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - * 1 i n e s * Computes the number of cumulative lines printed
- - and determines if a page eject is necessary

- - Argument(s):
- - bnl - number of new lines to be printed (input)
- - - - - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Variable Declaration(s) - - - - - - - - - - - - - - - - - - -…- - -
- - Integer Variables
- - maxlin - maximum number of lines per page
- - nline - number of lines on current page
*1

static short maxlin - 63;
extern short nline;

/* - Add line print request to current page location and determine
whether page eject is necessary *1

nline +- nl;
if(nline >- maxlin)
I header{;
nline +- nl;)

return;

}
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Function load eore mts
Iinclude<stdio.h>
Iinclude<string.h>

typedef char ascii string[l33J;
typedef struct asciirecord(

struct ascii record *last;
ascii string line;
struct ascii record *next;
I a-record;

a record *memory ascii record(int,int,a record ');

a record *load core mtls(char core mtls(],int length fin)(
-/ - - - - - - - - - - - - - - - -

-- Io~add cor _ tls * Loads Core Materials Dataset
_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Argument(s):
- - core mtls - specification for file containing core mat- (input)
- - materials definitions
- - length-fin - length of file name (input)
- - first - pointer to first element in linked list (output)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - c - single character used to process sucessive characters
- - from the input file
'I
unsigned char c)

/* - Character Variable(s)
- - record - string used to hold single lines from the input file
- - p - pointer to location in record

*'/

ascii string record;
char 'p;

/* - Structured Variable(s)
- - first - pointer to first member of linked list
- - ptr current - pointer to current member of linked list
- - ptr next - pointer to next member of linked list

*/
a record *first, *ptr current, *ptr next;

/* - FILE Variable(s)
lu - pointer to core materials dataset

'I
FILE *lu;

/* - Open Core Materials Dataset - - - - - - - - - - - - - - - - - -
short int i;
for(i - O;i < length fin;i++)(
if(core mtlsil - ' ')-
core mtlslij - '\°';
break;)
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lu - fopen(core mtls,*r");
/* - Allocate First Structure for Processing File */
ptr current - memory-ascii record(1,1,ptr current);
first - ptr current;
ptr-current->last - NULL;
p - record;
while((c - fgetc(lu)) !- lO)l

*p w c;

p++;:
sprintf(p,"\n");
strcpy(ptr current->line,record);
ptr current->next - NULL;

1* - read balance of records in dataset */
p - record;
while((c - fgetc(lu)) !- 255)1

*p = c:

p++:
if(c -- 10H)
sprintf(p,1 \n");
ptr next - memory ascii record(1,1,ptr next);
ptr next->next - NULL;
ptr-current->next - ptr next;
ptr next->last - ptr current;
ptr current - ptr next;
strcpy(ptr current->line,record);
p - record;)

return first;
)
Functlon oadjfueLmaterlal
*include <stdio.h
finclude <string.h>
typedef char ascii string1133];
typedef struct s material(

struct smaterial *last;
int atomic number;
int mass-number;
float weightpercentage;
char librarysuffix[5];
struct s material *next;
1 1lmaterial;

11 material *memory s material(intintll material );
float *memory float(int,int,float *);

11 material *load fuel materiai(int *nft,char fprefixtjchar dataset(]
,int nlat,int **latticefloat **fpdensity)E

/* - - - - - - - - - - - - - - - -

-loa _d fuel material * Loads Contents of Fuel
Material Dataset into
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Memory for
IProcessing

Subsequent

Argument (s) :
nft -

fpref ix -

dataset -

nlat -

lattice -

Nu~mber of Fuel Rod Types in Lattice
Prefix for Lattice Composition Database
Dataset Name for Fuel Intermediate Dataset of
Interest
lattice dimensionality
Fuel Rod Type Map
Vector of Pointers to Start of Linked List
Containing Material Inventories for each
Distinct Fuel Rod Type

(output)
(input)
(input)

'input)
(output)
(output)

(output)- - fp~density - densities for each fuel type

Variable Declarations-----------------
Integer Variable(s)
n - loop index

short int n;
/- Character

- - buffer -

- - pb -

- - header -

Variable(s)
single character for reading input file
string variable used to manage dataset processing
pointer to buffer
complete dataset file descriptor
header from dataset

unsigned char c;
char *pb;
ascii string fn, buffer, header;

/* - File Variable(s)
- - ds: - dataset stream pointer
- - nout - output file

FILE *ds;
extern FILE *nout;

/* - Structured Variable(s)

11 material *p, *p._return;
/*- Put Dataset Name in C String
I int len - 132, length;
length - mchar(&len,dataset);
dataset~length] - \;

Format…--- - -- -- -- ----- */

strcpy (fn, fprefix);
strcat (fn, dataset);

/* - Open File for Processing…-----* -----
ds - fopen(fn,lr");
if( !ds) I

lines(S);
fprintf(nout,nO*** F a t a 1 E r r o r - Function');
fprintf (nout

,"Load Fuel Material, Fuel Material Dataset. not Found\n");
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fprintf(nout,"ODataset Name:\n");
fprintf(nout,n ts\n",fn);
abort();}

/* - Read Header Record /
strcpy(buffer,"");
pb - buffer;
do{
c - fgetc(ds);
*pb = c;
pb++;).

while (c !- 10);
*pb - '\O';
strcpy(header,buffer);

/* - Skip QA Record */
do
c - fgetcfds);

while (c 1- 10);
/* - Skip Fuel Rod
pb - buffer;
do(

Type Map Title */

c - fgetc(ds);
*pb = c;
pb++;)

while (c !- 10);
/*- Read Fuel Rod Type Map Line by Line */
{ short int j;
int *plattice;
ascii string holder;
plattice - *lattice;
for( j - 1; j <- nlat; J++)(
pb - buffer;
dot
c - fgetc(ds);
*pb - c;
pb++;)

while(c 1- 10);
*pb - '\O';
pb - buffer;
for(n - 0; n < nlat; n++,plattice++)(
while(*pb - I ') pb++;
strcpy(holder,*")n;
do(

strncat(holder,pb,l);
pb++;)

while(*pb !- ' I);

pb++;
sscanf(holder,"%i",plattice);)

/*- Compute Number of Lattice Types */
*nft - 0;

plattice - *lattice;
for( j - 1; j <- (nlat*nlat); j++,plattice++)
if(*plattice > *nft) *nft - *plattice;

p - memory-s-material(l,*nft,p);
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)
/* - Skip Title for Density Vector */
pb - buffer;
do(
c fgetc(ds);
*pb = C;
pb++;)

while (c !- 10);
/* - Allocate Memory for Density Vector */
*fp density - memory float(l,*nft,*fp density);

/* - Read Density Values /
short int nmaxi;
ascii-string holder;
float *p - *fpdensity;
n - 1;
do(
pb - buffer;
do(
c = fgetc(ds);
*pb - c;
pb++;J

while(c !- 10);
*pb - '\0';
pb - buffer;
if((n+5) > *nft) nmax - *nft;
else nmax - n+4;
for( i - n; i <- nmax; i++,p++)(
while(*pb -- ',I) pb++;
strcpy(holder,""n);
c - *pb;
while((*pb !- ',') && (c I- 10)){

strncat(holder,pb,l);
pb++;
c - *pb;)

pb++;
3scanf(holder,"%f",p);)

n - nmax+l;
}
while(n <- *nft);

/*- Skip Title for Fuel Material Compositions */
pb - buffer;
do(
c - fgetc(ds);
*pb - c;
pb++;)

while (c !- 10);
/* - Read Each Materials for Each Fuel Rod Type */
/* - Allocate Memory for Vector of Linked Lists *i
p - memory s material(l,*nft,p);
preturn - p;
( unsigned char c;
int index, n entries, i, j;
char label(63;
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ascii string holder;
11 material *ptr mtl, *ptr last, *ptr next;
for( n - 0; n < *nft; n++)l
ptr-mtl - p;
ptr last - NULL;
ptr mtl->atomic number = 0;
strcpy(ptr mtl->library suffix,"");
ptr mtl->mass number - 0;
ptr7mtl->weightjercentage - 0.0:
pb - buffer;
do(
c - fgetc(ds);
*pb - c;
pb++;)

while(c !- 10);
*pb - '\0';
if(*nft > 1)
sscanf(bufferOts ti %i",label, &index,&n entries);

else
sscanf(buffer, "ti", &n entries);

for( i - 0; i < n entries; i++)(
pb - buffer;
do(
c - fgetc(ds);
*pb -c;
pb++;}

while(c 1' 10);
*pb - '\0'
pb - buffer;
c - *pb;
for( j - 1; j < 5; j++){
strcpy(holder,"");
while((*pb I- ',') && (c l- 10))(

strncat(holder,pb,1);
pb++;
c - *pb;,

switch (j) I
case 1:

int value;
sscanf(holder,"ii",&value);
ptr mtl->atomic number - value;
pb++;

break:
case 2:

I ascii string value;
sscanf(holder,"%s",value);
strncpy(ptr mtl->library suffix,value,4);
pb++;

break;
case 3:

I int value;
sscanf(holder,"%i",&value);
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ptr mtl->maSs number - value;
pb+TO

break;
case 4:

I float value;
sscanf(holder,"%fU,&value);
ptr mtl->weight_percentage - value;
pb++;-

)
I

ptr mtl->next - NULL;
ptr mtl->last - ptr last;
ptr last - ptr mtl;
if( i < (nentries-l))1
ptr next - memorys_material(1,l,ptr-next);
ptr mtl->next - ptr next;
ptr mtl - ptr next;
ptr mtl->atomic number - 0;
strcpy(ptr mtl->library suffix, "");
ptr mtl->mass number - 0;
ptr-mtl->weightpercentage 0.0;
)

)p++;

return preturn;

Function 1oad.surface_usageqst
Yinclude <stdio.b>
#include <string.h>

typedef char asciistring(1331;

typedef struct su-list(
struct su list *last;
int index;
ascii string label;
ascii string value;
char mnemonic[41;
ascii string equivalent label;
struct su list *next;

I surface usagejlist;

surface usagelist *memory surface usage list int,surface usagelist *);

surface usage list *load surface usage list(ascii string label,int index
,ascii string value,char mnemonic[4],ascii string equivalent label
,surface usage_list *p){
/-- surf- - - s- - - i- t - lod - e- - - -values i sf u l i s t -

--load surface usage list - loads new values into surface usage list
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- - Argument(s):
- - label - character string to be added to new structure (input)
- - index - index for character string (input)
- - value - definition of surface (input)
- - mnemonic - surface definition mnemonic (input)
- - equivalent label
- - - label of
- - p - pointer to memory locations (ilo)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - -
- - Structured Variable(s)
- - p new - pointer to new structure

*/
surface usage list *p new;

I* - Check for Initial Member of String - - - - - - - - - - - - - - -*
if(p -- NULL)(

/* - Initial Member */
p - memorysurface usagelist(l,p);
p->last - NULL;
p->next - NULL;
strcpy(p->label,label);
strcpy(p->value,value);.
stropy(p->mnemonic,mnemonic);
strcpy(p->equivalent label,equivalentlabel);
p->index - index:
return p;)

/* - Addition to Linked List /
else(
p_new - memorysurface usage list(l,p new);
p->next - p new;
p-new->last - p;
p - p new;
p->next - NULL;
strcpy(p->label,label);
strcpy(p->value,value);
strcpy(p->mnemonic,mnemonic);
strcpy(p->equivalent label,equivalentlabel);
p->index - index;
return p;)

Function load.usagejlst

#include <stdio.h>
Include <string.h>

typedef char ascii string(1333;

typedef struct u-list{
struct u list *last;
int index;
ascii string label;
struct u list *next;
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) usagelist;

usage list *memoryusage list(intusage list *);

usagelist *load usage list(char label l,int index,usage list *p)f
/* .- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - load usagelist - loads new values into usage list

- - Argument(s):
- - label - character string to be added to new structure (input)
- - index - index for character string (input)
- - p - pointer to memory locations (ifo)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - -
- - Structured Variable(s)
- - p.new - pointer to new structure

usage list *p.new:
/* - Check for Initial Member of String - - - - - - - - - - - - - - -*
if(p -- NULL){

1* - Initial Member 'I
p - memoryusage_list(l,p);
p->last - NULL;
p->next - NULL;
strcpy(p->label,label);
p->index - index;
return p;)

/* - Addition to Linked List */
elsef

p_new - memoryusage list(l,p new);
p->next - prnew;
pnew->last - p;
p - p new;
p->next - NULL;
strcpy(p->label,label);
p->index - index;
return p;)

Function mchar

FUNCTION MCHAR(MAXLEN,BUFFER)
C - - -- - - - - - _- - - - - - -_

C - - * M C H A R * Determines the number of non-blank characters in
C - - character variable of total length MAXLEN
C - - - -- - - - - - - - - - - - - - - - _
C - - Argument(s):
C - - MAXLEN - dimension of character variable (input)
C - - BUFFER - character variable (input)
C - - - - - - - - -- - - - - - - - - - - - - - - _
C - -
C - - Type statements) - - - - - - - - - - - - - - - - - - - - - - - -

CHARACTER*1 BLANK
CHARACTER*(*) BUFFER
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C - - Data statement s) - - - - - - - - - - - - - - - - - - - - - - -
DATA BLANK/' tI

C -- - - - - - - -- - - - - - - - - - - - - - -_

MCHAR - MAXLEN
DO 10 NC - MAXLEN,1,-1
IF(BUFFER(NC:NC) .NE. BLANK) THEN

MCHAR - NC
GO TO 20

ENDIF
10 CONTINUE

MCHAR - 0
C - - End of processing - - - - - - - - - - - - - - - - - - - - - - - -

20 CONTINUE
END

Function memoryascljrecord
#include<stdio.h>
finclude<malloc.h>
#include<errno.h>

typedef char ascii string(1331;
typedef struct ascii-record{

struct ascii record *last;
ascii string line;
struct ascii record *next;
} a-record;

a record *memory ascii record(int operation,int number, a record *p)(
* .- - - - - - - - - - - - - - - - - - - - - - - - - -_ - - - - - - -
- - memory ascii record - manages memory requests for character storage
- - for variables of the ascii record structure
- - type

- - Argument(s):
- - operation - flag for memory operation to perform (input)
- - ( 1 - allocate memory,
- - -1 - return memory)
- - number - number of structures for which to allocate (input)
- - memory
- - p - pointer to memory locations (i&o)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variables
- - n - number of entries in proper size
- - size - number of bytes requested
- - storage c - current bytes of character storage requested
- - storage ct - maximum bytes of character storage requested

*/
size t size ;
extern int storagec, storage ct;

/* - FILE Pointer Variable(s)
- - nout - output file */
extern FILE *nout;
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/*- - Process Memory Request - - - - - - - - - - - - - - - -…/
ifloperation - 1) (

size - number*sizeof(a_record);
p - (a record *)malloc(size);
if((errno !- NULL) II (p -- NULL)) I

if(p - NULL) {
lines(2);
fprintf(nout

,* 0 *** F A T A L E R R 0 R * -- Function memory ascii record: ");
fprintf(nout,"Null Pointer Returned\n");

}
if(errno !- NULL)(
lines(2);
fprintf(nout

,f"o*** F A T A L E R R 0 R * -- Function memory ascii record: ");
fprintf(nout,"Error Number Si Detected\n");

}
lines(2);
abortl);

storage c +- number*sizeof(ascii string);
if(storage-c > storage ct) storage-ct m storage-c;
return p;)

else (
size - number*sizeof(ascii string);
storage c -- size;
free(p);
return p;1

Function memory..asclLstrdng
#includecstdio.h
#include<string.h>
#include<malloc.h>
Iinclude<errno.h>
typedef char ascii string(1331;

ascii string *memory ascii string(int operation, int number
,ascii string *p){

/ - - - - - - - - - - - - - -

- - memory ascii string - manages memory requests for character storage
- - for variables of the ascii string type

- - Argument s):
- - operation - flag for memory operation to perform (input)
- - I 1 - allocate memory,
- - -l - return memory)
- - number - number of storage locations to request (input)
- - (n.b., not used for return requests)
- - p - pointe to memory locations (i&o)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - -… - - -
- - Integer Variables
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- - n - number of entries in proper size
- - size - number of bytes requested
- - storage c - current bytes of character storage requested
- - storage ct - maximum bytes of character storage requested

size t size ;
extern int storage c, storage ct;

/* - FILE Pointer Variable(s)
- - nout - output file */
extern FILE *nout;

/* - - Process Memory Request - - - - - - - - - - - - - - - - - - - *
if (operation -) 1

size - ((size t) number)*sizeof(ascii string);
p - (ascii string *)malloc(size);
if((errno !- NULL) 11 (p -- NULL)) I

if(p -- NULL)
lines(2);
fprintf(nout
,no*** F A T A L E R R 0 R -- Function memory character: ");
fprintf(nout,"Null Pointer Returned\n");

if(errno 1- NULL){
lines(2);
fprintf (nout
,"O*** F A T A L E R R 0 R * -- Function memory character: ");
fprintf(nout,"Error Number Si Detected\n");

lines(2);
abort(1;

storage c +- size;
if(storage c > storage ct) storage ct - storage c;
return p;)

else {
size - ((size t) number)*sizeof(asciistring);
storage c -- size;
free(p);
return p;1

Function memoryjgj1st

Yinclude <stdio.h>
#include <malloc.h>
#include <errno.h>

typedef char ascii string1133).;

typedef struct fuelgeometryl
ascii string gds name;
int latdim;
int nwr;
float cthick;
float asin;
float wgap;
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float ngap;
float cradius;
float fsrd;
float cfsrd;
float rpitch;
float cod;
float cid;
float pod;
char frcmat[6];
char fcmat[63;,
Ifg list;

fg.list *memory fg list (it operation, int number, fg_list *p)(
1*.-- - - - - - - - - - - - - - - - -
- - memory fg list - manages memory requests for storage for

Argument(s):
operation - flag for memory operation to perform

1 - allocate memory,
-l - return memory)

number - number of structures to allocate
p - pointer to memory locations

(input)

(input)
(i&o)

- Variable Definition(s) - ----------------------
- Integer Variables

size -
storagei -

storage it -
storage~r-

storage~rt -

number of entries in proper size
number of bytes requested
current bytes of integer storage requested
maximum bytes of integer storage requested
current bytes of single-precision real storage
requested
maximum bytes of single-precision real storage
requested

size t size
extern int storagei, storage it;
extern int storage~r, storage -rt;
extern. it storage~c, storage ct;
/*- FILE Pointer Variable(s)

- - nout - output file ~
extern FILE *nout;

/* - - Process Memory Request…--* --------
if (operation - 1)

size - number~sizeof (fg list);
p - (fg-list *)malloc(size);
if((errno !- NULL) 11 (p -- NULL))I

if(p - NULL)
lines (2);
fprintf (nout

,"** F A T A L E R R 0 R - Function memory fq list: )
fprintf (nout, *Null Pointer Returned\n");

if(errno !- NULL){
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lines (2);
fprintf(nout

,no*** F A T A L E R R 0 R * -- Function memory fglist: ");
fprintf(nout,"Error Number ti Detected\n");

lines(2);
aborto0;

}
storage i +- 2*sizeof(int); -

if(storage_i > storageit) storage it - storage i;
storage r +- lO*sizeof(float);
if(storager > storagert) storagert - storage r;
storage c +- 12*sizeof(char)+sizeof(ascii string);
if(storage c > storage at) storagect - storage c;
return p;)

else {
free(p);
storage i -- 2*sizeof(int);
storage r - lO*sizeof(float);
storage c -- 12*sizeof(char)+sizeof(ascii string);
return p;)

)
Function memory_float

#include <stdio.h>
include <stdlib.h>
{include <malloc.h>
Uinclude cerrno*h>

float *memory float(int operation, int number, float *p){
/*. - - - - - - - - - - - - - -

- - memory integer - manages memory requests for single-precision real
- - storage

- - Argument (s):
- - operation - flag for memory operation to perform (input)
- - I 1 - allocate memory,
- - -1 - return memory)
- - number - number of storage locations to request (input)
- - (n.b., not used for return requests)
- - p - pointer to memory location (i&o)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variables
- - storage r - current bytes of float storage requested
- - storage rt - maximum bytes of float storage requested

*1o
extern int storager, storagert;

/* - FILE Pointer Variable(s)
- - nout - output file */
extern FILE *nout;

/* - - Process Memory Request - - - - - - - - - - - - - - - - - - - - -*
if(operation -- 1) (



Waste Package Operations Calculation (Attachment)

Title: Listing of Routines and Functions for BLINK, Version 0
Document Identifier B000000-01717-0210-O0O10 REV 01 Attachment XIV Page 44 of 241

p - (float *)calloc((size-t)number,(size-t) sizeof(float));
if((errno !- NULL) 1l (p -- NULL))

if(p -- NULL)
lines(2);
fprintf(nout
,"0*** F A T A L E R R 0 R * -- Function memory float: ");
fprintf(nout, Null Pointer Returned\n");

}
if(errno !- NULL){
lines(2);
fprintf(nout
,"O*** F A T A L E R R 0 R * -- Function memory float: ");
fprintf(nout,'Error Number Si Detected\n");

)
lines(2);
aborto0;

storage r +- number:
if(storager > storage rt) storage rt - storage r;.
return p;)

else {
storage r -- number;
free(p);
return p;);

)
Function memoyjnteger

{include <stdio.h
#include <stdlib.h>
#include <malloc.h>
#include <errno.h>

int *memory integer(int operation, int number, int *p)(
*. - - - - - - - - - - - - - -
- - memoryinteger - manages memory requests for integer storage

- - Argument(s):
- - operation - flag for memory operation to perform (input)
- - ( 1 - allocate memory,
- - -1 - return memory)
- - number - number of storage locations to request (input)
- - (n.b., not used for return requests)
- - p - pointer to memory location (ifo)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variables
- - storage i - current bytes of integer storage requested
- - storage it - maximum bytes of integer storage requested

*/
extern int storage i, storage it;

/* - FILE Pointer Variable(s)
- - nout - output file /
extern FILE *nout;
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/*- - Process Memory Request…-----*1 -----
if (operation -- 1) (
p - (nt *)calloc((size t)number, (size -t) sizeof(int));
if{Cerrno !- NULL) 11 (p -- NULL))

if(p - NULL) {
lines (2);
fprintf (fout
,"O** F AT A L E RRO0R **-Function memory_integer: ;
fprintf (fout, "Null Pointer Returned\n");

if(errno !- NULL)H
lines(2);
fprintf(flout
,"O** F A T A L E R R 0 R ~- Function memory integer: )
fprintf~nout,"Error Number %i Detected\n");

lines (2) ;
aborto0;

storage i +- number;
if (storage i > storage it) storage it -storage i;
return P;I

else
storage-i -- number;
free(p);
return p:.);

Function memoryjattlceji1st
# include <stdio.h
#include <malloc. h>
#include <errno~h

typedef struct all(
struct all *last;
int basis lattice material index;
int lattice mate rial-index;
struct. all *next;

A augmented lattice list;

augmented lattice list *memory lattice-list (it operation
,augmented latti-ce list *pH

1*.-- -7 - - -7 - - - - - - - - -
--memory_ usage list - manages memory requests for storage for vari-

- - ~~~~ables of the augmented lattice-list structure
- - ~~~~~type

--Argument (s) :
--operation - flag for memory operation to perform (input)

- - C ~~1 - allocate memory,
- - ~~-1 - return memory)

- - ~p - pointer to memory locations (i&o)



Waste Package Operations Calculation (Attachment)
Wat Pakg OprtosCluain(tahet

TGtle: Listing of Routis and Functions for BLINK, Version 0
Document IdentifierBB000000-/01717-0210-O0OOIREV0 Attachment XIV Page 46 of 241

- - Variable Definition(s) - - - - - - - - - - - -
- - Integer Variables
- - n - number of entries in proper size
- - size - number of bytes requested
- - storageji - current bytes of integer storage
- - storage it - maximum bytes of integer storage

*/

requested
requested

size t size ;
extern int storage i, storage it;

/* - FILE Pointer Variable(s)
- - nout - output file */
extern FILE *nout;

/* - - Process Memory Request - - - - - - - - - - - - - - - - - - - - -*
ifoperation -- 1) (

size - sizeof(augmented lattice list);
p - (augmented lattice list *)calloc((size-t) 1
,(size t) sizeof(augmented lattice list));

if((errno I- NULL) 11 (p -- NULL))
if(p -- NULL)

lines(2);
fprintf(nout

,wO*** F A T A L E R R 0 R -- Function memory lattice list: ");
fprintf(nout,"Null Pointer Returned\n"); >

if(errno !- NULL)H
lines(2);
fprintf(nout

,"O*** F A T A L E R R O R
fprintf(nout,"Error Number

)
lines(2);
abortt);

*** -- Function memory lattice list: ");
%i Detected\n");

storage i +-
if(storage i
return p;)

else t
free(p);
storagei --
return p;)

2*sizeof~int);
> storageit) storageit - storage i;

2*sizeof(int);

Function memorys._material

#include<stdio.h>
linclude<malloc.h>
tinclude<errno.h>

typedef char ascii string[l33j;
typedef struct ascii record(

struct ascii record *last;
ascii string line;
struct ascii record *next;

I a-record;
typedef struct s materiall
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struct s-material. *last;
int atomic-..number;
int mass-number;
float weightpercentage;
char library suffix(5J;
struct a material *next;
1 1 material;

ilnmaterial *memory_s material(int operation,int number,11 material *p){
1*.- : -

-- memory_,s material - manages memory requests for storage for vari-
- - ~~~~ables of the s material structure type

Argument Cs):
operation - flag for memory operation to perform

(1 - allocate memory,
-1 - return memory)

number - number of structures to process
. p - pointer to memory locations

(input)

(input)
(i&o)

- - Variable Definition(s)…----------
- - Integer Variables

*1-

n
size

storage~i
storage it
storage-r

number of entries in proper size
number of bytes requested
current bytes of integer storage requested
maximum bytes of integer storage requested
current bytes of'single-precision real storage
requested
maximum bytes of single-precision real storage
requested
current bytes of character storage requested
maximum bytes of character storage requested

storage-rt -

storage c -

storage_ct -

size t size ;
extern int storage~i, storage- it;
extern int storage-r, storage rt;
extern int storage-c, storage ct;

/* - FILE Pointer Variable(s)
- - nlout - output file /
extern FILE *nout;

/*- - Process Memory Request…-------. ---------
if (operation -- 1) j

size - number*sizeof (ll material):
p - (11 material *)malloc(size);
if((errno !- NULL) I (p -- NULL))

if(p -= NULL)
lines (2.) ;
fprintf (nout

,"O*** F A T A L E R R 0 R - Function memory s-material: )
fpnintf(nout, "Null Pointer Returned\n");

if (errno I- NULLH(
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lines (2):;
fprintf (nout

,no*** F A T A L E R R 0 R - Function memory s~material: )

fprintf (nout, "Error Number %i Detected\n'1;
I
lines (2);
aborto(;

storage c +- 3*number~sizeof (char);
if (storagec > storage ct) storage ct - storagec;
storage_± i4- 2*number*sizeof(int);
if (storage i > storage it) storage it - storage-i;
storage r +- number*sizeof(float);
if (storage~ r > storage rt) storage rt - storage r;
return p;)

else {
free(p);
storage c -m3*number*sizeof (char):
storage i -- 2*number~sizeof(int);
storage r -~number*sizeof(float);
return p;)

Function memoryspurface usagelist
#include <stdio .h>
#include '<malloc.h>
linclude <errno.h>

typedef char ascii string[1331;

typedef struct su-list{
struct su-list *last;
int index;
ascii. string label;
ascii string value;
char mntnemonicifl;
ascii string equivalent label;
struct su list *next;
Isurface usage_list;

surface usage list *memory surface usage list (it operation
,surface -usage list *pH

--memorysurface usage list - manages memory requests for storage for
variables of the surface usage list
structure type

--Argument (s):
--operation - flag for memory operation to perform (input)

- - ( ~~1 - allocate memory,
- - ~~-1 - return memory)

- - ~p - pointer to memory locations (i6o)
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- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variables
- - n- number of entries in proper size
- - size - number of bytes requested
- - storagei - current bytes of integer storage requested
- - storageit - maximum bytes of integer storage requested
- - storage c - current bytes of character storage requested
- - storage ct - maximum bytes of character storage requested

*1
size t size ;
extern int storage i, storage it;
extern int storage c, storage ct;

/* - FILE Pointer Variable(s)
- - nout - output file */
extern FILE *nout;

/* - - Process Memory Request - - - - - - - - - - - - - - - - -- - - -*
ifoperation - 1) {
size - sizeof(surface usagelist);
p - (surface usage list *)malloc(size);
if(errno !- NULL) 11 (p -- NULL)) I
if(p -- NULL) j

lines(2);
fprintf(nout

,"o*** F A T A L E R ROR *** Function");
fprintf(nout," memory surface usage list: ");
fprintf(fnout,"Null Pointer Returned\n");

)
.if(errno !- NULL)H

lines(2);
fprintf(lout

,"O*** F A T A L E R R 0 R * -- Function");
fprintf(nout," memory surface usage list: ");
fprintf(nout,"Error Number Si Detected\n");

lines(2);
aborto0;

storage c +- 3*sizeof(ascii string)+4*sizeof(char);
if(storage c > storage_ct) storagect - storage c;
storage i +- sizeof(int);
if(storagei > storageit) storageit - storagei;
return p;)

else (
free(p);
storage c -- (3*sizeof(ascii-string)+4*sizeof(char));
storage-i -- sizeof(int);
return p;)

)
Function memoryusagelist
#include <stdio.h>
Yinclude <malloc.h>
#include <errno.h>
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typedef char ascii string(133];

typedef struct u list{
struct u list *last;
int index;
aacii string label;
struct u list *next;

I usage list;

usage list *memoryusage list(int operation, usagelist *p){
-* .- - - - - - - - -_ - - - - - - - - - - - - - - - - - - - - - -

- - memory usagelist - manages memory requests for storage for vari-
- - ables of the usage list structure type

- - Argument(s):
- - operation - flag for memory operation to perform (input)
- - ( 1 - allocate memory,
- - -1 - return memory)
- - p - pointer to memory locations (i&o)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variables
- - n - number of entries in proper size
- - size - number of bytes requested
- - storagei - current bytes of integer storage requested
- - storage it - maximum bytes of integer storage requested
- - storage c - current bytes of character storage requested
- - storage ct - maximum bytes of character storage requested

size t size ;
extern int storage_i, storageit;
extern int storage_c, storagect;

/* - FILE Pointer Variable(s)
- - nout - output file */
extern FILE *nout;

/* - - Process Memory Request - - - - - - - - - - - - - - - - - - - - -*
if(operation -= 1) {

size - sizeof(usage list);
p - (usagelist *)malloc(size);
if((errno !- NULL) 11 (p -- NULL)j I

if(p -- NULL) {
lines(2);
fprintf(nout

,"O*** F A T A L E R R 0 R * -- Function memory usage list: 0);
fprintf(nout,"Null Pointer Returned\n");

)
if(errno !- NULL){

lines(2);
fprintf(nout

,"O*** F A T A L E R R 0 R * -- Function memoryusage list: ");
fprintf(nout,"Error Number Si Detected\n");
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lines(2);
abort 0;

storage-c +- sizeof (ascii string);
if(storage c > storage ct) storage ct - storage c;storage-i +-'sizeof(int):
if(storagei > storage it) storageit - storage_i;return p;)

else (
free(p);
storagec -- sizeof(ascii string);
storagei -- sizeoffint);
return p;}

}



Waste Package Operations Calculation (Attachment)
Wastle Lisckageo Opertio alultin AtacmetTitle: Listing of Routines and Functions for BLINK, Version 0
Document Identifier BOOOOOOO-01717-0210-00010 REV 01 Attachment XIV Page 52 of 241

Function memsum
#include <stdio.h>

void memsuml(
/* - - - -- - - - - - - - - - - - - - _
- - * m e m s u m * Edits the Dynamic Storage Usage

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - integer storage - total integer storage expressed in bytes
- - real storage - total real storage expressed in bytes
- - character-storage - total character storage expressed in bytes
- - total storage - total storage expressed in bytes

int integer storage, real storage, character storage, total storage;
extern int storageit, storagert, storage ct;
/* - FILE Variable(s)
- - nout - pointer to code output file

'I
extern FILE *nout;

/* - Compute Storage Totals in Bytes - - - - - - - - - - - - - - - - -
integer storage - storage it*sizeof(int);
real-storage - storage rt*sizeof(float);
character-storage - storage ct*sizeof(char);
total storage - integer storage+real storage+character storage;

/* - Write the Total to Output - - - --- - - - - - - - - - - - - - -
lines(8);
fprintf(nout,"OTotal Dynamic Memory Usage in Bytes:\n");
fprintf(nout,"\n");
fprintf(nout," Integer - %7i \n",integer storage);
fprintf(nout," Real - %7i \n",real storage);
fprintf(nout," Character - %7i \n",character storage);
fprintf(riout," -_nn);
fprintf(nout," Total - %7i \n",total storage);
return;

Function rollupjlm
#include<stdlib.h>

typedef struct s material{
struct s material *last;
int atomic number;
int mass number;
float weight percentage;
char library suffix[5];
struct s material *next;
1 11-material;

11 material *memorysmaterial(int,int,llmaterial ');

void rollup llm(ll material *p)(
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- - rollup llm - returns memory associated with a linked list with a
- - a material structure type

- - Argument(s):
- - p - pointer to start of linked list (input)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

*1

Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - -
Structured Variable(s)
last - pointer to previous structure in linked list

11 material *last;
/* - Search for End of Linked List

while(p->next !- NULL) p - p->next;
/* - Sweep through List Backwards, Returning
while(p->last I- NULL)(

last - p->last;
p - memory s material(-l,1,p);
p - last;

return;

Function searchsurface_usagejlist

finclude <stdio.h>
#include <string.h>

e - - - - - - /

Memory - - - - - - - - - - */

typedef char ascii string(l33);

typedef struct su list(
struct su list *last;
int index..
ascii string label;
ascii string value;
char mnemonic(41;
ascii string equivalent label;
struct su list *next;
} surfaceusage list;

void search surface usage list(int option,ascii string label,int *index
,ascii string value,char mnemonic[41,ascii string equivalent label
,surfaceusage list *p)(

/*. - - - - - - - - - - - - - -

- - search surface usage list - searches a surface usage linked list
seeking match

… - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Argument(s):
- - option - flag to indicate processing to be performed
- - (0 - search for label based on index,
- - 1 - search for index based on label,
- - 2 - serach for index based on surface defini-
- - tion)

- - label - character string either to be sought or

(input)

(input)

(i Io)
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- - returned
- - index - index either to be sought or returned (ilo)
- - value - definition of surface (input)
- - mnemonic - mnemonic for surface (input)
- - equivalent-label
- - - label for equivalent surface (input)

p - pointer to start of linked list (input)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - -
- - FILE Variable(s)
- - nout - pointer to output stream

*/
extern FILE *nout;

/* - Search based on Index - - - - - - - - - - - - - - - - - - - - - -*
ifloption -- 0H

do(
ifCp->index -- *index)f
strcpy(label,p->label);
return;)

p - p->next;
while(p->next !- NULL);

/*- Process the Last Entry '/
ifCp->index -- *index)(
strcpy(label,p->label);
return;)

else(
lines(2);
fprintf(nout

,f"O*** F A T A L E R R 0 R *** Function search usage list:");
fprintf(nout," No match found for index - Si\n",*index);

abort0;)

if(option -- 11
do{

if(strcmp(label,p->label) -- 0)1
*index - p->index;
return;)

p - p->next;
while(p->next !- NULL);

/*- Process the Last Entry */
if(strcmp(label,p->label) O){

*index - p->index;
return;)

else(
*index - 0;

if(option -2)
dot

if((strcmp(value,p->value) -- 0) 0)
(strcmp(mnemonic,p->mnemonic) -- 0))1

*index - p->index;
strcpy(equivalent label,p->label);
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return;:
p - p->next;

I while(p->next !- NULL);
/* - Process the Last Entry */

if((strcmp(value,p->value) -- 0) &&
(strcmp(mnemonic,p->mnemonic) 0)){

*index - p->index;
strcpy(equivalentlabel,p->label);
return;)

else
*index - 0;

}
}
Function search usagelist
#include <stdio.h>
#include <string.h>

typedef char ascii string(133);

typedef struct u list{
struct u list *last;
int index;
ascii string label;
struct u list *next;

} usage_list;

void search usage list(int option,char label[],int *index
,usagelist *p)(
/- - - - - - - - - - - - -
- - search-usagelist - searches a usage linked list seeking match

- - Argument(s):
- - option - flag to indicate processing to be performed (input)
- - (O - search for label based on index,
- - 1 - search for index based on label)
- - label - character string either to be sought or Cilo)
- - returned
- - index - index either to be sought or returned (ilo)
- - p - pointer to start of linked list (input)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - --
- - FILE Variable(s)
- - nout - pointer to output stream

'I
extern FILE *nout;

/* - Search based on Index - - - - - - - - - - - - - - - - - - - - - -
if(option -- OH

dot
if(p->index -- *index)(

strcpy(label,p->label);
return;

)
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p _ p->next;
) while(p->next !- NULL);

*- Process the Last Entry /
if(p->index - *index)(

strcpy(label,p->label);
return;)

else{
lines(2);
fprintf(lout

,"O*** F A T A L E R R O
fprintf(nout," No match

aborto0;)
}
elsel
do(

if(strcmp(label,p->label) --
*index - p->index;
return;

R *** -- Function search usage list:");
found for index - %i\n",*index);

0H){

p - p->next;
} while(p->next !- NULL);

/* - Process the Last Entry */
if(strcmp(label,p->label) -- 0)-

*index - p->index;
return;)

else(
*index - 0;

)
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2.3. Input Routines

Subroutine bpchek

C -
C-
C-
C -
C-
C-
C-
C-
C-
C-
C-
C-
C-

SUBROUTINE BPCHEK(NROWB,NCOLB,NROWBP,NCOLBP,VALIDB,BLADEP)
- - _ P C - E - - D whether Blade - ositions are V a l i d

-* B P C N E K * .Determines whether Blade Positions are Valid
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- Argument(s):
NROWB - Number of Control Blade Rows in Full Core
NCOLB - Number of Control Blade Columns in Full

Core
NROWBP - Number of Control Blade Rows in Problem
NCOLBP - Number of Control Blade Columns in Problem
VALIDE - Integer Array Containing Valid Locations

for Control Blades
BLADEP - Integer Array Containing Blade Insertion

Values

(input)
(input)

(input)
(input)
(input)

(input)

C -- - - - - - - - - - - - - - - - - - - - - - - -
C- -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C - - ERROR - Logical Flag Indicating that Fatal Error has been
C - - Detected

C - - MESSAGE - String for Messages
LOGICAL ERROR
INTEGER VALIDB(NCOLB,NROWB), BLADEP(NCOLBP,NROWBP)
CHARACTER*132 MESSAGE

C - - Sweep through Map - - - - - - - - - - - - - - - - - - - - - - - -
ERROR - .FALSE.
DO J - 1,NROWBP

DO I - 1,NCOLBP
IF(VALIDB(I,J) .EQ. 0) THEN

IF(BLADEP(I,J) .EQ. -1) THEN
CONTINUE

ELSE
ERROR - .TRUE.
CALL lines(3)
MESSAGE -

2 'O*** F A T A L E R R 0 R *** SUBR. BPCHEK -- Control'
WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):)

2 ,'( B Plade Assignment to Invalid Location (')')
LOC - MCHAR(132,MESSAGE)+l
WRITE(MESSAGE(LOC:(LOC+1)),'(I2)P) I
WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):),("'','")')
LOC - MCHAR(132,MESSAGE)+l
WRITE(MESSAGE(LOC:(LOC+1)),' (I2)') I
WRITE(MESSAGE{(MCHAR(132,MESSAGE)+l):),'(")'')')
CALL fortran message(MESSAGE)
MESSAGE - ' Blade Position -

WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):),'(I2)1) BLADEP(I,J)
CALL fortran message (MESSAGE)

ENDIF
ENDIF

ENDDO
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ENDDO
C - - Check for Valid Range

DO J - 1,NROWBP
DO I - 1,NCOLBP
IF(VALIDB(I,J) .NE. 0) THEN

IF((BLADEP(I,J) .LT. 0) .OR. (BLADEP(I,J) .GT. 48)) THEN
ERROR - .TRUE.
CALL lines(2)
MESSAGE -

2 '0*** F A T A L E R R 0 R *** SUBR. BPCHEK --

WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):)
2 ,'l" Invalid Blade Position: Location (C')')

LOC - MCHAR(132,MESSAGE)+1
WRITE(MESSAGE(LOC:(LOC+1)),'(I2)') I
WRITE(MESSAGE((MCHAR(132,MESSAGE)+1):),'('','"'))
LOC - MCHAR(132,MESSAGE)+1
WRITE(MESSAGE(LOC:(LOC+1)),'(I2)') I
WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):), 'tC)'')')
CALL fortran message(MESSAGE)

ENDIF
ENDIF

ENDDO
ENDDO

C - - Abort for Assignment Errors - - - - - - - - - - - - - - - - - - -
IF(ERROR) THEN
CALL lines(2)
CALL abort()

ENDIF
C - - End of Processing - - - - - - - - - - - - - - - - - - - - - - - -

RETURN
END

Function cbundle

FUNCTION CBUNDLE(NCOL,NROW,MAX,MAP,LIST)
C- - - - - - - - - - - - - - _
C- - C B U N D L E * Determines the Number of Unique Fuel As-
C - sembly Types in the Core
C- - - - - - - - - - - - - - - - - -
C - - Argument(s):
C - NCOL - Number of "Columns" in Core Map (input)
C - - NROW - Number of "Rows" in Core Map (input)
C - - MAX - Maximum Possible Number of Unique Assem- (input)
C - - blies

C - - MAP - Map of Indices for Core Locations (input)
C - - (integer)

C - - LIST - Scratch Array for Accmulating a List of (scratch)
C - - Unique Fuel Assembly Indices
C… - - - - - - - - - - - - - - - - -
C- -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C - - MATCH - Logical Variable used to Indicate that a Fuel Assembly
C -- Identifer Already exists in the Unique Index List

LOGICAL MATCH
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INTEGER CBUNDLE
C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - - -

DIMENSION LIST(MAX)
DIMENSION MAP(NCOL,NROW)

C - - Sweep through Map Looking for.Unique Fuel Assembly Identifiers -
NU - 0
DO J - 1,NROW

DO I - 1,NCOL
IF(MAP(I,J) .NE. 0) THEN

IF(NU .EQ. 0) THEN
NU - 1
LIST(NU) - MAP(I,J)

ELSE
MATCH - .FALSE.
DO N 1 l,NU

IF(LIST(N) .EQ. MAP(I,J)) MATCH - .TRUE.
ENDDO
IF(.NOT. MATCH) THEN
NU - NU+1
LIST(NU) - MAP(I,J)

ENDIF
ENDIF

ENDIF
ENDDO

ENDDO
CBUNDLE - NU

C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -
RETURN
END

Function clattice

FUNCTION CLATTICE(NAXPI,NBUNDLE,MAX,LVECT,LIST)
C - - -- - - - - - - - - - - - - _
C
C
C
C
C
C
C
C
C
C
C
C
C

- - * C L A T T I C E * Determines the Number of Unique Fuel
Lattices in the Core

- - Argument(s):
- - NAXPI - Number of Axial Nodes in the Core Plus One (input)
- - NBUNDLE - Number of Unique Fuel Assemblies in the (input)
- - Core
- - MAX - Maximum Possible Number of Unique Lat- (input)
- - tices
- - LVECT - Vectors Assigning Lattice Indices to Fuel (input)
- - Assemblies
- - LIST - Scratch Array for Accmulating a List of (scratch)
- - Unique Fuel Lattice Indices

C - - -- _ - - - - - - - - - _
C- -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C - - MATCH - Logical Variable used to Indicate that a Fuel Assembly
C - - Identifer Already exists in the Unique Index List

LOGICAL MATCH
INTEGER CLATTICE

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - - -
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DIMENSION LIST(MAX)
DIMENSION LVECT(NAXPl,NBUNDLE)

C - - Sweep through Fuel Assembly Loading Vectors Looking for Unique
C - - Lattice Identifiers

NU - 0
DO J - 1,NBUNDLE

C - - Note that the first entry for each Fuel Assembly is the Fuel
C - - Assembly Sequential Index

DO I - 2,NAXPl
IF(LVECT(I,J) .NE. 0) THEN

IF(NU EQ. 0) THEN
NU - 1
LIST(NU) - LVECT(I,J)

ELSE
MATCH - .FALSE.
DON- l,NU

IF(LIST(N) .EQ. LVECT(I,J)) MATCH - .TRUE.
ENDDO
IF(.NOT. MATCH) THEN
NU - NU4l
LIST(NU) - LVECT(I,J)

ENDIF
ENDIF

ENDIF
ENDDO

ENDDO
CLATTICE - NU

C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -
RETURN
END

Function echo

#include <stdio.h>
#include <string.h>
typedef char ascii string[133);

void echo(char inname(8], chvr fin(1331){
/* .- - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - * e c h o * Copies the input file to the output stream

- - Argument(s):
- - inname - Name for Input FORTRAN NAMELIST (input)
- - fin - Name for Input File (input)

- - Variable Declaration(s) - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variables
- - infind - Flag to Indicate that the FORTRAN NAMELIST Directive
- - has been Encountered

*/
unsigned short infind - 0;

/*- Character Variable(s)
- - c - single character used to read from input file
- - p - pointer to character variable
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- - buffer - string Variable used to copy files from input file
- - case title - title for analysis

unsigned char c;
char *p;
char buffer[133] .
extern codenm(8J;
extern ascii string case title;

/* - FILE Variable(s)
- nin - input file

*/
FILE *nin;
extern FILE *nout;

/* - - Echo input stream - - - - - - - - - - -
nin - fopen(finlr");
lines(4);
fprintf(nout,"Olnput to %s :\n",codenm);
fprintflnout,"\n");

/* - Read Title Line and Copy to Output File*/
p - buffer;
do

{.c - fgetc(nin);
*P c;
p++;;)

while(c !- 10);
fprintf(nout, ");
p - buffer;
c *p;
while(c !- 10)(

fputcl*p,nout);
P++;
c = *p;

- - -- - - - - - - *

fprintf(nout,"\n");
strncpy(case title,buffer,strlen(buffer));
linesCl);

/* - Read Second Line and Look for FORTRAN NAMELIST Input Directive */
do

strcpy(buffer,"");
p - buffer;
do
c - fgetc~nin);
*P- c;
p++;;)

while((c I- 10) && (c !- 255));
ifCstrstr(buffer,inname) !- NULL) infind - 1;
iflc !- 255) fprintf(nout," U);

if(c !- 255)H
p - buffer;
c - *p;
while(c !- 10)1

fputc(*p,nout);.
P++;
c - *p;
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fprintf(nout,"\n");
lines~l);

while(c !- 255);
if(!infind)

lines(4);
fprintf(nout,"O*** F A T A L E R R 0 R *** Function echo -- ");
fprintf(nout," No Namelist Directive Encountered.\n");
aborto0;

rewind(nin);
fclose(nin);
return;

)

Subroutine (dlv

SUBROUTINE LDLV(NBUNDLE,NAXP1,LU,LVECT)
C - - - - -- - - - - - - - - - - - - - - _
C - - * L D L V * Reads Vectors giving Lattice Assignments to Fuel
C - - Assemblies
C - - … - - - - - - - - - - - - _
C - - Argument(s):
C - - NBUNDLE - Number of Fuel Assemblies in Core (input)
C - - NAXP1 - Number of Axial Nodes in Core +1 (input)
C - - LU - Logical Unit from which to Read Vectors (input)
C - - LVECT - Lattice Loading Vectors for each Fuel (output)
C - - Assembly
C - -- - - - - - - - - - - - - - _
C--
C - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C MESSAGE - Character String for Messages

CHARACTER*132 MESSAGE
C - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - -

DIMENSION LVECT(NAXPl,NBUNDLE)
C Skip Header Record - - - - - - - - - - - - - - - - - - - - - - -

READ (LU,I (lX) 'I)
DO NB-1,NBUNDLE
READ(LU,*,END-500) (LVECT(I,NB),I-lNAXPl)

ENDDO
C End of Normal Processing - - - - - - - - - - - - --- - - - - - -

RETURN
C Error Processing - - - - - - - - - - - - - - - - - - - --- - - -

500 MESSAGE - 'O*** F A T A L E R R O R *** SUBR. LDLV--'
WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):)
2 ,'('' Premature End-of-File Encountered on Logical Unitq')')
WRITE(MESSAGE((MCHAR(132,MESSAGE)+1):)
2 ,'1(0 ",12)') LU
CALL lines(5)
CALL fortran message (MESSAGE)
CALL abort()
END
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Subroutine Idivr

SUBROUTINE LDLVR(NBUNDLE,NAXP1,LU,LVECT)
C - - - _ - - - - - - - - - - - - - - - - - - - - - _
C - - * L D L V * Reads Vectors giving Lattice Assignments to Fuel
C - - Assemblies (Real Version of LDLV)
C - - - -- - _ - - - - - - - - - - - - - - - - - _
C - - Argument(s):
C - - NBUNDLE - Number of Fuel Assemblies in Core (input)
C - _ NAXPi - Number of Axial Nodes in Core +1 (input)
C - - LU - Logical Unit from which to Read Vectors (input)
C - - LVECT - Lattice Loading Vectors for each Fuel (output)
C - - Assembly
C - - - - - -- - - - - - - - - - - - - _
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C - - MESSAGE - Character String for Messages

CHARACTER*132 MESSAGE
REAL LVECT(NAXP1,NBUNDLE)

C - - Skip Header Record - - - - - - - - - - - - - - - - - - - - - - -
READ(LU,(lX)')
DO NB-1,NBUNDLE
READ(LU,-,END-500) (LVECT(I,NB),I-l,NAXPl)

ENDDO
C - - End of Normal Processing - - - - - - - - - - - - - - - - - - -

RETURN
C - - Error Processing - - - - - - - - - - - - - - - - - - - - - - - -

500 MESSAGE - '0*** F A T A L E R R 0 R *** SUBR. LDLVR --
WRITE(MESSAGE((MCHAI(132,MESSAGE)+1):)

2 ,'1( Premature End-of-File Encountered on Logical Unit'")')
WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):)

2 ,'(' 19,12)') LU
CALL lines(5)
CALL fortran message (MESSAGE)
CALL aborto
END

Subroutine lodct
SUBROUTINE LODCT(NCOLP,NROWPNAXP1,NLATTICG,NLATTICMGMAP,MMAP
2 ,LGVECT,LMVECT,CTABLE)

C - - - - -- - - - - - - - - - - - _
C - - * L 0 D C T * Load Correspondence Table Matching Lattice
C - - Geometry Types with Lattice Material Types
C - - - - - … - - - - - - - - - - - _
C - - Argument(s):
C - - NCOLP - Number of Columns in Core Fuel Assembly (input)
C - - Map
C - - NROWP - Number of Rows in Core Fuel Assembly Map (input)
C - - NAkPl - Number of Axial Nodes + 1 (input)
C - - NLATTICG - Number of Unique Lattice Geometry Types (input)
C - - NLATTICM - Number of Unique Lattice Material Types (input)
C - - GMAP - Fuel Assembly Geometry Index Map (input)
C - - MMAP - Fuel Assembly Material Index Map (input)
C - - LGVECT - Vectors Provides Lattice Geometry Assign- (input)
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C - - ment Indices for a Given Fuel Assembly
C - - Geometry Index
C - _ LMVECT - Vectors Provides Lattice Material Assign- (input)
C - - ment Indices for a Given Fuel Assembly
C - - Material Index
C - - CTABLE - Correspondence Table Providing Lattice (output)
C - - Geometry Index for a Given Lattice Mater-
C - - ial Index
C - -- - - - - -- - - - - - - - - - - - - -_

C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - -…- - - - -
C - - MATCH - Flag to Indicate that a Lattice Material/Lattice
C - - Geometry Pair has Already been Added to CTABLE

LOGICAL MATCH
INTEGER GMAP(NCOLP,NROWP),CTABLE(2,NLATTICM)

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - -
DIMENSION MMAP(NCOLP,NROWP),LGVECT(NAXP1,NLATTICG)

2 ,LMVECT(NAXP1,NLATTICM)
C - - Sweep Over Entire Core - - - - - - - - - - - - - - - - - - - - -

CALL INVALI (2*NLATTICM),CTABLE,0)
IC - 0
DO J - 1,NROWP

DO I - 1,NCOLP
IF(MMAP(I,J) .NE. 0) THEN

C - - Examine Each Node of Fuel Assembly Loading Vector
DO K - 2,NAXP1

LGV - LGVECT(K,GMAP(I,J))
LMV - LMVECT(K,MMAP(I,J))
IF(IC .EQ. 0) THEN

IC - IC+1
CTABLE(1,IC) - LMV
CTABLE(2,IC) - LGV

ELSE
MATCH - .FALSE.
DO N - 1,IC

IF((CTABLE(l,N) .EQ. LMV) .AND.
2 (CTABLE(2,N) .EQ. LGV)) MATCH - .TRUE.

ENDDO
IF(.NOT. MATCH) THEN

IC - ICd1
CTABLE(1,IC) - LMV
CTABLE(2,IC) - LGV

ENDIF
ENDIF

ENDDO
ENDIF

ENDDO
ENDDO

C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -
RETURN
END
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SubroutIne mapehek

SUBROUTINE MAPCHEK(NROWNCOL,NROWP,NCOLP,VALID,MAP)
C - _ - - - - - - - - - - - - - - - - - - - - _
C - - * M A P C H E K * Determines whether Input Fuel Assembly
C - - Locations are Valid and if all Valid
C - - Locations have Fuel Assemblies Indices
C - - - -- - - - - -- - - - - - - - - - - - _
C - - Argument(s):
C - - NROW - Number of Rows in Full Core (input)
C - - NCOL - Number of Columns in Full Core (input)
C - - NROWP - Number of Rows in Problem (input)
C - - NCOLP - Number of Columns in Problem (input)
C - - MAP - Integer Array Containing Fuel Assembly (input)
C - - Identifier Map
C - - VALID - Integer Array Containing Valid Locations (input)
C - - in Core for Fuel Assemblies
C - - -- - - - - - - - - - _
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C - - ERROR - Logical Flag Indicating that Fatal Error has been
C - - Detected
C - - MESSAGE - String for Message

LOGICAL ERROR
INTEGER VALID(NCOL,NROW)
CHARACTER*132 MESSAGE

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - -
DIMENSION MAP(NCOLP,NROWP)

C - - Sweep through Map - - - - - - - - - - - - - - - - - - - - - - - -
ERROR - .FALSE.
DO J - 1,NROWP

DO I - 1,NCOLP
IF(VALID(I,J) EQ. 0) THEN

IF(MAP(I,J) .EQ. 0) THEN
CONTINUE

ELSE
ERROR - .TRUE.
CALL lines(3)
MESSAGE -

2 'O*** F A T A L E R R O R *** SUBR. MAPCHEK-- Fuel'
WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):)

2 ,'I''Assembly Assignment to Invalid Location (S))

LOC - MCHAR(132,MESSAGE)+1
WRITE(MESSAGE(LOC:(LOC+1)), (12)') I
WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):), '(",")')
LOC - MCHAR(132,MESSAGE)+1
WRITE(MESSAGE(LOC:(LOC+l)),'(I2)') J
WRITE(MESSAGE((MCHAR(132,MESSAGE).):), 'I)'')')

CALL fortran message(MESSAGE)
MESSAGE - 'Fuel Assmebly Index '
LOC - MCHAR(132,MESSAGE)+1
WRITE(MESSAGE(LOC:(LOC+2)),'(13)') MAP(I,J)
CALL fortran message(MESSAGE)

ENDIF
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ELSE
IF(MAp(I,J) .NE. 0) THEN
CONTINUE

ELSE
ERROR - TRUE.
CALL lines(3)
MESSAGE -

2 '0*** F A T A L E R R 0 R *** SUBR. MAPCHEK -- No
WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):)

2 ,'("'Fuel Assembly Assignment to Valid Location (')')
LOC - MCHAR(132,MESSAGE)+l
WRITE(MESSAGE(LOC:(LOC+1)),'(12)') I
WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):),'(",'')')
LOC - MCHAR(132,MESSAGE)+l
WRITE(MESSAGE(LOC:(LOC+l)),' I2)') J
WRITE(MESSAGE((MCHAR(132,MESSAGE)+l):),''')'"')
CALL fortran message(MESSAGE)

ENDIF
ENDIF

ENDDO
ENDDO

C - - Abort for Assignment Errors - - - - - - - - - - - - - - - - - - -

IF(ERROR) THEN
CALL lines(2)
CALL abort(

ENDIF
C - - End of Processing - - - - - - - - - - - - - - - - - - - - - - - -

RETURN
END

Subroutine r2dmap
SUBROUTINE R2DMAP(NCOL,NROW,MAP,LU)

C - - -- - - - - - - - - - - - _
C - - * R 2 D M A P * Reads Two-dimensional Map giving Fuel
C - - Assembly Locations
C-. - - -- - - - - - - - - - _
C - Argument(s):
C - NCOL - Number of "Columns" in Core Map (input)
C - NROW - Number of "Rows" in Core Map (input)

C - MAP - Map of Indices for Core Locations (output)
C - - (integer)
C - - LU - Logical Unit from which to Read Map (input)
C - - -- - - - _ - - - - - - _
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C - - MESSAGE - message to pass to output file

INTEGER MAP(NCOL,NROW)
CHARACTER*132 MESSAGE

C - - _ - - - - - - - - - - _
DO J - 1,NROW
READ(LU,*,END-500) (MAP(I,J),I-1,NCOL)

ENDDO
C - End of Normal Processing - - - - - - - - - - - - - - - - - - - -
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RETURN
C - - Error Processing - - - - - - … - - - - - - - - - - - - - - - - -

500 CALL lines(3)
MESSAGE - IQ*** F A T A L E R R O R *** SUBR. R2DMAP--
WRITE(MESSAGE((MCHAR(l132,MESSAGE)+l):)
2 ,'"Premature End-of-File Encountered on Logical Unit '')')
LOC - MCHAR(132,MESSAGE)
WRITE(MESSAGE(LOC:(LOC+l)),1(12)1) LU
CALL fortran message(MESSAGE)
CALL abort)
END

Subroutine rblade
SUBROUTINE RBLADE(LENFN,BLADE DB,LUGEOM,NTUBECBSPAN,ATID,ATOD
2 DCBTHICK,TRSPAN,TRTHICKWSTHICKCBLENGTH,NCS,CSOFF,CSWIDTH
3 DCBPMAT,ATMAT,CBSMAT,CBTRMAT)

C - - -- - - - - - - - - - - - - - _
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

- - * R B L A D E * Reads Dataset Containing Control Blade
- - Geometry Dataset
_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Argument(s):
- - LENFN - Length of File Name (input)
- - BLADEDB - Name of File Containing Appropriate Core- (input)
- - layout Database
- - LUGEOM - Logical Unit Number for Blade Geometry (input)
- - Dataset
- - NTUBE - Number of Absorber Tubes in All Four (output)
- - Wings of Blade
- - CBSPAN - Control Blade Span (Tie Rod Center to (output)
- - Tip)
- - ATID - Absorber Tube Inner Diameter (cm) (output)
- - ATOD - Absorber Tube Outer Diameter (cm) (output)
- - CBTHICK - Blade Wing Thickness (cm) (output)
- - TRSPAN - Tie Rod Span (cm) (output)
- - TRTHICK - Tie Rod Thickness (cm) (output)
- - WSTHICK - Wing Thickness (cm) (output)
- - CBLENGTH - Active Absrober Length (cm) (output)
- - NCS - Number of Central Stiffeners per Wing (output)
- - CSOFF - Central Stiffener Offset (output)
- - CSWIDTH - Central Stiffener Width (output)
- - CBPMAT - Identifier for Blade Poison Material (output)
- - ATMAT - Identifier for Blade Absorber Tube Mat- (output)
- - erial
- - CBSMAT - Identifier for Blade Sheath Material (output)
- - CBTRMAT - Identifier for Blade Tie Rod Material (output)

C - - - - - - - - - - - - - - _
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -

CHARACTER*6 CBPMAT,ATMAT,CBSMAT,CBTRMAT
CHARACTER*(LENFN) BLADE DB

C - - Namelist Statements - - - - - - - - - - - - - - - - - - - - - -…
NAMELIST /BLADE/ NTUBE,CBSPANATID,ATOD,CBTHICK,TRSPAN,TRTHICK
2 ,CBLENGTHWSTHICK,NCS,CSOFFCSWIDTH,CBPMAT,ATMAT,CBSMAT,CBTRMAT

C - - Read in Namelist - - - - - - - - - - - - - - - - - - - - - - - -
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CALL FTOPEN (LUGEOM, BLADE DB)
C -- Skip Record Containing Dataset Title

READ (LUGEOM,' (lX)')
C -- Read NAMELIST Input Block

READ (LUGEOM, BLADE)
C -- Close Dataset

CALL FT~CLOSE (LUGEOM)
C-- End of Normal Processing --------------------

10 RETURN
EN4D

Subroutine readin

.C
C
C
C

SUBROUTINE READIN (FIN, LENFNI CORE DB, NIN, LUCGEOM, NAXIAL,AFLI NROW
2 *NCOL,NROWP,NCOLP,APITCH, SOD, STHICK, VOD, VTHICK, TUTPR, TCGR, BLTPR
3 ,BCPR, LPREFIX, FPREFIX, CORE MTLS, MVESSEL,MSHROUD, MTG, MCPI MUTP
4 , ILTP, COREYF, BLADEDB, MIGT,DOTOD, DTID, RHO, RHOBYP, TEMPK)

- - * R E A D I N * Reads NAMELIST. input to program -- including
- - ~~~~the core geometry file (defined as function
- - ~~~~for compatibility with C invocation)

C- -

C- -

C--
C--
C--
C--
C- -

C--
C- -

C- -

C- -

C- -

C- -

C- -

C- -

C- -

C- -

C- -

C- -

C--
C- -

C- -

C- -

C- -

C- -

C- -

C- -

C- -

C- -

C- -

C- -

C- -

C--

Argument (8) :
FIN - File Name for Input File (input)

LENFN - Length of File Name (input)
CORE DB - Nome of File Containing Appropriate Core- (output)

layout Database
MIN - Logical Unit Number for Input File (input)

LUCGEOM - Logical Unit Number for Core Geometry (input)
Dataset File

NAXIAL - Number of Axial Nodes in Active Fuel (output)
AFL - Active Fuel Length (cm) (output)

NROW - Number of Rows in Full Core (output)
NCOL - Number of Columns in Full Core (output)

NROWP - Number of Rows in Core Represented in the (output)
Problem

NCOLP - Number of Columnes in the Core Repre- (output)
sented in the Problem

APITCH - Assembly Pitch (cm) (output)
SOD - Outer Radius of Core Shroud (cm) (output)

STHICK - Core Shroud Thickness (cm) (output).
VOD - Pressure Vessel Outer Radius (cm) (output)

VTHICIC - Pressure Vessel Thickness (cm) (output)
TUTPR - Top of the Upper Tie Plate Region (cm) (output)
TCGR - Top of the Core Grid Region (cm) (output)

BLTPR - Bottom of the Lower Tie Plate Region (cm) (output)
BCPR - Bottom of the Core Plate Region (cm) (output)

LPREFIX - File Description Prefix for Lattice Geo- (output)
metry Files

FPREFIX - File Description Prefix for Fuel M~ateri (output)
al Intermediate Datasets

)REMTLS - File Specification for Core Materials (output)
Dataset

MVESSEL - Material Identifier for Vessel (output)
MSHROUD - Material Identifier for Core Shroud (output)

cc
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C-
C-
C-
C-
C-
C-
C-
C-
C-
C-
C-
C-
C-
C-
C-
C-
C-
C-
C-

MTG - Material Identifier for Core Top Guide
Region

MCP - Material Identifier for Core Plate
Region

MUTP - Material Identifier for Upper Tie Plate
Region

MLT~P- Material Identifier for Lower Tie Plate
Region

CORE F - Fraction of Core in Problem
(1 - full, 2 - half, 4 - quarter)

BLADEDB - Dataset for Control Blade used in the
Problem

HIGT - Material Identifier for Incore Guide Tube
DTOD - Incore Guide Tube Outer Diameter (cm)
DTID - Incore Guide Tube Inner Diameter (cm)
RHO - In-channel Water Density (g/cc)

RHOBYP - Bypass Water Density (g/cc)
TEMPK - Problem Temperature (Kelvin)

(output)

(output)

(output)

(output)

(output)

(output)

(output)
(output)
(output)
(output)
(output)
(output)

C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C - - NIN - Logical Unit Number for Input File
C - - LUCGEOM - Logical Unit Number for Core-geometry Dataset File

INTEGER NIN,COREF
CHARACTER*6 MVESSEL,MSHROUD,MTG,MCP,MUTP,MLTP,MIGT
CHARACTER*132 CORE DBLPREFIX,FPREFIX,CORE MTLS,BLADE DB
CHARACTER*(LENFN) FIN

C - - Namelist Statements - - - - - - - - - - - - - - - - - - - - - - -
NAMELIST /LINKIN/ CORE DB,NAXIAL,AFL,NROWP,NCOLP,LPREFIX,FPREFIX

2 ,CORE MTLS,CORE F,BLADEDB,RHO,RHOBYP,TEMPK,MUTP,MLTP
NAMELIST /CORE/ NCOL,NROW,APITCH,SOD,STHICK,VOD,VTHICK,TUTPR
2 ,TCGRBLTPRBCPRMVESSELMSHROUDDTOD,DTIDMTGMCPMIGT

C - - Read in Namelist - - - - - - - - - - - - - - - - -…- - - - - - -
CALL FTOPEN(NIN,FIN)

C - - Skip Record Containing Case Title
READ(NIN,'(1X)')

C - - Read NAMELIST Input Block
READ(NIN,LINKIN)

C - - Process Core-geometry File Namelist Input Section - - - - - - - -
CALL FTOPEN(LUCGEOM,CORE DB)

C - - Skip Header Record
READ(LUCGEOM,'(1X)')

C - - Read NAMELIST Input
READ(LUCGEOM,CORE)

C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -
10 RETURN

END
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Subroutine dattice
SUBROUTINE RLATTICE(LENFN,FUEL DB,LUGEOM,CTHICK,ASIN,WGAP,NGAP

2 ,CRADIUS,FSRD,CFSRDRPITCH,COD,CLD,POD,FRCMAT,FCMAT,LATDIM,NWR)
C _- - R L A T T I C - - - -Dt C - - - - - - - - - -_
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

- - * R L A T T I C E * Reads Dataset Containing Lattice
Geometry Dataset

- - Argument(s):

-- ~~Ft

CT

LENFN - Length of File Name
JEL DB - Name of File Containing Appropriate

Lattice-layout Database
"THICK - Channel Thickness (cm)
ASIN - Inner Span of Channel (cm)
WGAP - Wide Gap Thickness (cm)
NGAP - Narrow Gap Thickness (cm)

RADIUS - Inner Radius of Channel Corner (cm)
FSRD - Clad Surface to Clad Surface Separation

(cm)
CFSRD - Clad Surface to Inner Channel Surface

Separation (cm)
tPITCH - Fuel Rod Pitch (cm)

COD - Cladding Outer Diameter (cm)
CLD - Cladding Thickness (cm)
POD - Fuel Pellet Outer Diameter (cm)

FRCMAT - Material Identifier for Fuel Rod Cladding
FCMAT - Material Identifier for Channel
#ATDIM - Lattice Dimensionality

NWR - Number of Water Rods

(input)
(input)

(output)
(output)
(output)
(output)
(output)
(output)

(output)

(output)
(output)
(output)
(output)
(output)
(output)
(output)
(output)

F

E

I

C - - -- - - - - - - - - - - - _
C- -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
REAL NGAP
CHARACTER*6 FRCMAT,FCMAT
CHARACTER*(LENFN) FUEL DB

C - - Namelist Statements - - - - - - - - - - - - - - - - - - - - - -
NAMELIST /FUEL/ CTHICK,ASIN,WGAP,NGAP,CRADIUS,FSRD,CFSRD,RPITCH
2 ,COD,CLD,POD,LATDIM,NWR,FRCMAT,FCMAT

C - - Read in Namelist - - - - - - - - - - - - - - - - - - - - - - - -
CALL FTOPEN(LUGEOM,FUEL OD)

C - - Skip Record Containing Dataset Title
READ(LUGEOM, (lX) ½

C - - Read NAMELIST Input Block
READ(LUGEOM,FUEL)

C - - Close Dataset
CALL FTCLOSE(LUGEOM)

C - - End of Normal Processing - - - - - - - - - - -…- - - - - - - - -
10 RETURN

END
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Subroutine strngr
SUBROUTINE STRNGR(LU,LEN,NSTR,VECTOR)

C - - -- - -- - - - - - - - - - _ - - - -_

C - - * S T R N G R * Reads Character Strings from FORTRAN Logical
C - - Unit
C - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -

C - - Argument (s) :
C - - LU - Logical Unit from which to Read Character (input)
C - - Strings
C - - LEN - Length of Character Strings (input)
C - - NSTR - Number of FORTRAN Records to Read (input)
C - - VECTOR - Character String Storage Locations (output)
C - - - -- - - - - - - - - - - - _
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - --- - - - - - - - -
C - - MESSAGE - Character String for Message

CHARACTER*132 MESSAGE
CHARACTER* (LEN) VECTOR(NSTR)

C - - Skip Header Record - - - - - - - - - - - - - - - - - - - - - - -
READ(LU, '(lX) I)
DO N-1,NSTR

READ(LU,'(A)',END-500) VECTOR(N)
ENDDO

C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -
RETURN

C - - Error Processing - - - - - - - - - - - - - - - - - - - - - - - -
500 MESSAGE - '0*** F A T A L E R R 0 R *** SUBR. STRNGR -- '

WRITE(MESSAGE((MCHAR(132,MESSAGE)+1):)
2 ,'(' Premature End-of-File Encountered on Logical Unit'')')
WRITE(MESSAGE((MCHAR(132,MESSAGE)+1):)
2 ,('' ',12)') LU
CALL lines(5)
CALL fortran message(MESSAGE)
CALL abort)
RETURN
END
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2A. Input Editing Routines

Function btadedb._edt
*include <stdio.h
#include <string.h>

void bladedb edt(int ntube, float cbspan,float atid,float atod
,float cbthick,float trspan,float trthick,float wsthick
,float cblength,int ncs,float csoff,float cswidth,char cbpmat(]
,char atmat[j,char cbsmat(j,char cbtrmatl])(

/* .- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - * b 1 a d e d b e d t * Edits Contents of Control Blade

Geometry Dataset

- - Argument(s):
- - ntube - number of absorber tubes in control blade (input)
- - cbspan - control blade span (input)
- - atid - blade absorber tube inner diameter (cm) (input)
- - atod - blade absorber tube outer diameter (cm) (input)
- - cbthick - blade wing thickness (input)
- - trspan - blade tie rod span (cm) (input)
- - trthidk - blade tie rod thickness (cm) (input)
- - wsthick - blade wing thickness (cm) (input)
- - cblength - active absorber length (cm) (input)
- - ncs - number of central stiffeners in control (input)
- - blade wing
- - csoff - blade central stiffener offset (cm) (input)
- - eswidth - blade central stiffener width (cm) (input)
- - cbpmat - material indentifier for control blade poi- (input)
- - sen
- - atmat - material identifier for absorber tube mater- (input)
- - ial
- - cbsmat - material identifier for blade sheath mater- (input)
- - ial
- - cbtrmat - material identifier for blade tie rod mat- (input)
- - erial

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Character Variable(s)
- - buffer - string variable used to load entire lines for print
- - sbuff - short string variable used to load a segment of a line

*/
char sbuff(5];
char buffer[133];

/* - FILE Variable(s)
- - nout - output file

*1
extern FILE *nout;

/* - Summarize NAMELIST Input Directives - - - - - - - -- - - - - - *
headers;
lines(5);
fprintf(nout
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,"ODataset Edit -- Values from Blade Geometry Dataset\n");
fprintf(nout,"O Variable Value Definition\n");
fprintf(nout,"\n");
lines(l);
sprintf(buffer," NTUBE %6i",ntube);
bufferpad(buffer,strlen(buffer),23);
strcat.buffer,"Number of Absorber Tubes in Blade\n");
fprintf(nout,buffer);
lines(l);
sprintf(buffer," CBSPAN %6.2f",cbspan);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Control Blade Span (cm)\n");
fprintf(nout,buffer);
lines(1);
sprintf(buffer," ATID %6.2f",atid);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Absorber Tube Inner Diameter (cm)\n");
fprintf(nout,buffer);
lines(l);
sprintf(buffer," ATOD %6.2f",atod);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Absorber Tube Outer Diameter (cm)\n");
fprintf(nout,buffer);
lines(l);
sprintf(buffer,* CBTHICK %6.2f",cbthick);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Wing Thickness (cm)\n");
fprintf(nout,buffer);
lines(l);
sprintf(buffer," TRSPAN %6.2f",trspan);
bufferpad(bufferstrlen(buffer),23);
strcat(buffer,"Tie Rod Span\n");
fprintf(nout,buffer);
lines l);
sprintf(buffer," TRTHICK %6.2f",trthick);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Tie Rod Thickness (cm)\n");
fprintf(nout,buffer);
lines l);
sprintf(buffer," WSTHICK %6.2f",wsthick);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Wing Thickness (cm)\n");
fprintf(nout,buffer);
lines(l);
sprintf(buffer," CBLENGTH %6.2f",cblength);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Active Absorber Length (cm)\n");
fprintf(nout,buffer);
lines(l);
sprintf(buffer," CBPMAT %s",cbpmat);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Blade Poison Material\n");
fprintf(nout,buffer);
lines l);
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sprintf(buffer," ATMAT ts",atmat);
bufferpad(buffer,strien(buffer),23);
strcat(buffer,'Absorber Tube Material\n");
fprintf(nout,buffer);
linesll);
sprintf(buffer," CBSMAT %s",cbsmat);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Blade Sheath Material~n");
fprintf(nout,buffer);
lines(l);
sprintf(buffer," CBTRMAT ts",cbtrmat);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Blade Tie Rod Material\n");
fprintf(nout,buffer);
switch (ncs)l
case 0:

lines(l);
sprintf(buffer," CSOFF %6.2f",csoff);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Central Stiffener Offset (cm)\n");
fprintf(nout,buffer);
lines(l);
sprintf(buffer," CSWIDTH %6.2f',cswidth);
bufferpad(buffer,strlen (buffer),23);
strcat(buffer,"Central Stiffener Width (cm)\n");
fprintf(nout,buffer);
break;

case 1:
break;

default:
lines(3);
fprintf(nout
,"0*** F a t a E r r o r -- Function");

fprintf(nout," bladedb edt:\n");
fprintf(nout

," NCS must be either Zero or Unity,");
fprintflnout," Value Encountered - %i\n",ncs);
aborto0;)

lines(l);
fprintf(nout,"\n");
return;

I
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Function coredb._edt

Include <stdio.h>
{include <string.h>

void coredb edt~int nrow,int ncol,int nrowb,int ncolb,float apitch
,float vod,float vthick,float sod,float sthick,float tutpr
,float tcgr,float bltpr,float bcpr,int *incore loc,char mvesself]
,char mshroud[l,char mtg[],char mcptj,char migt(J,float dtod
,float dtid){
*. - - - - - - - - - - - - - _

- - * c o r e d b - e d t * Edits Contents of Core Geometry Data
- - * set

Argument s):

i

4

incoi
ml
M.s

nrow - number of rows in core map for the whole core (input)
ncol - number of columns in core map for the whole (input)

core
nrowb - number of rows of control cell locations in (input)

the core
ncolb - number of columnes of control cell locations (input)

in the core
Lpitch - fuel assembly pitch (input)

sod - shroud outer radius (input)
;thick - shroud thickness (input)

vod - pressure vessel outer radius (input)
rthick - pressure vessle thickness (input)
tutpr - Top of Upper Tie Plate Region (input)
tcgr - Top of Core Grid Region (input)

bltpr - Bottom of Lower Tie Plate Region (input)
bcpr - Bottom of Core Plate Region (input)

.eloc - positions for incore instrumentation input)
vessel - vessel material identifier (input)
;hroud - core shroud material identifier (input)

mtg - core top guide region material identifier (input)
mcp - core plate region material identifier (input)

migt - incore guide tube material identifier (input)
dtod - outer diameter of incore guide tube (input)
dtid - inner diameter of incore guide tube (input)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Character Variable(s)
- - buffer - string variable used to load entire lines for print
- - sbuff - short string variable used to load a segment of a line

*/
char sbuff[5];
char buffer[1333;

/* - FILE Variable(s)
- - nout - output file

*/
extern FILE *nout;

/* - Summarize NAMELIST Input Directives - - - - - - - - - - - - - -*
header{);
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lines(5);
fprintf(nout,"ODataset Edit -- Values from Core Geometry Dataset\n");
fprintf(nout,"Ovariable Value Definition\n");
fprintf(nout,"\n");
lines(2);
sprintf(buffer," NCOL %6i",ncol);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer,"Number of Columns of Fuel Assemblies in the Core\n");
fprintf(nout,buffer);
lines(2);
sprintf(buffer," NROW %6i",nrow);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer,"Number of Rows of Fuel Assemblies in the Core\n");
fprintf(fnout,buffer);
lines(3);
sprintf(buffer," NCOLB t6i",ncolb);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer,"Number of Columns of Control Blades in Core\n");
fprintf(nout,buffer);
sprintf(buffer," NROWB %6i",nrowb);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer,"Number of Rows of Control Blades in Core\n");
fprintf(nout,buffer);
sprintf(buffer, n APITCH %6.2f",apitch);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer,"Fuel Assembly Pitch\n");
fprintf(nout,buffer);
sprintf(buffer," VOD %6.2f",vod);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer,"Vessel Outer Diameter (cm)\n");
fprintf(noutbuffer);
lines l);
sprintf(buffer," VTHICK %6.2f",vthick);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer,"Vessel Thickness (cm)\n");
fprintf(nout,buffer);
lines l);
sprintf(buffer," SOD t6.2f",sod);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer,"Core Shroud Outer Diameter (cm)\n");
fprintf(nout,buffer);
lines(l);
sprintf(buffer," STHICK %6.2f",sthick);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer,"Core Shroud Thickness (cm)\n");
fprintf(nout,buffer);
lines l);
sprintf(buffer," TUTPR 16.2f",tutpr);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer,"Top of the Upper Tie Plate Region (cm)\n");
fprintf(nout,buffer);
lines l);
sprintf(buffer," TCGR %6.2f',tcgr);
bufferpad(buffer,strlen(buffer),22);
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strcat(buffer,"Top of the Core Grid Region (cm)\n");
fprintf(nout,buffer);
linesl();
sprintf(buffer," BLTPR %6.2f",bltpr);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer,"Bottom of the Lower Tie Plate Region (cm)\n");
fprintf(nout,buffer);
lines(l);
sprintf(buffer," BCPR %6.2f',bcpr);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer
,"Bottom of the Fuel Support/Core Plate Region (cm)\n");

fprintf(nout,buffer);
lines(l);
sprintf(buffer," DTOD %6.2f",dtod);
bufferpad(buffer,stflen(buffer),22);
strcat(buffer
,"Outer Diameter of Incore Guide Tube (cm)\n");

fprintf(fnout,buffer);
lines(l);
sprintf(buffer," DTID %6.2f",dtid);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer
,"Inner Diameter of Incore Guide Tube (cm)\n");

fprintf(nout,buffer);
/* - Material Identifiers k/

lines(l);
sprintf(buffer," WVESSEL %s",mvessel);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer
,*Material Identifier for Vessel\n");
fprintf(nout,buffer);
lines l);
sprintf(buffer," MSHROUD ts",mshroud);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer
,"Material Identifier for Core Shroud\n");

fprintf(nout,buffer);
lines l);
sprintf(buffer," MTG 13",mtg);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer
,"Material Identifier for Core Top Guide Region\n");

fprintf(nout,buffer);
lines(l);
sprintf(buffer," MCP ts",mcp);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer
,"Material Identifier for Core Plate Region\n");

fprintf(nout,buffer);
linesl1);
sprintf(buffer," MIGT ts",migt);
bufferpad(buffer,strlen(buffer),22);
strcat(buffer



Waste Package OPemtions Calculation (Attachment)

Title: Listing of Routines and Functions for BLINK, Version 0
Document Identif'ier B0000000-041717-0210..OOOIOREVI 01Attachmnent XIV Page 78of 241

,'Material Identifier for Incore Guide Tube\nl");
fprintf (rout,buffer);

/* - Edit Incore Instrumentation Location map ~
lines (5+nrowb);
strcpy (buffer,"tI);
bufferpad (buffer, 0, 132);
fprintf (fout, "Olncore Instrumentation Location Map\n");
fprintf(nout," (1 - indicates instrumentation dry tube present)\n");
fprintf (nout, w\n"W)
{short int i,J:
int *p - incore loc;
fprintf(nout, "1
for(i - 1; i <- ncolb; i++)(

short int ib;

fprintf(nout," 12i",ib);

fprintf(nout, "\nw);
fprintf (nout, "\n");
for(j - 0; j < nrowb; J++)(
short int ib;

Jb- (2*(J+1))-l1;
sprintf (buffer," %2i*,Jib);
for(i - 0: i < ncolb; i++){
if(*p -= 0)

.strncat (buffer," ",4);
elsef
sprintf(sbuff," %3i", 'p);
strncat (buffer,sabuff, 4);

fprintf(nout,buffer);
fprintf(nout, "\n");

return;

Function edi~ct
#include <stdio~h
(include <string.h>

void edit ct(int nlatticm,int *pH(
/*.-- - - - - - - - - - - - - - -

--*e d i t - c t * Edits Contents of Correspondence Table, which
- - ~~~~Relates Lattice Geometry Indices to Lattice
- - ~~~~Material Indices

------------------------------------
--Argument(s):
-- nlatticm - Number of Unique Lattice Material Indices (input)
- - ~~p - Pointer to Correspondence Table (input)
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- - Variable Declarations - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - n - index for loop
- - p2 - pointer to second member of correspondence table

int n, *p2;
/* - File Variable(s)

--nout - output stream
*1
extern FILE *nout;

/* - Edit Correspondence Table - - - - - - - - - - - - - - - - - - - -
lines(7);
fprintf(nout,"OCorrespondence Table for Lattice Material and Geometry");
fprintf(nout," Indices\n");
fprintf(nout,"OIndex Material Geometry\n\n");
p2 - p+l;
for( n - 1; n <- nlatticm, n++){

if(n > 7) lines(l);
fprintf(nout," %3i %6i %6i\n",n,*p,*p2);
p++; p++;

p2 - pwl;)
)
Function editspacer
*include <stdio.h>
#include <string.h>

typedef char ascii string[133];

void edit spacer(int nbundlg,int *ptr n spacer
,float *ptr_spacer location,ascii_string *ptr spacer material)(

/- - - - - - - - - - - - - -
- - * e d i t _ s p a c e r * Edits Input Variables Defining

Fuel Assembly Spacers

- - Argument(s):
- - nbundlg - number of fuel assembly geometrical types (input)
- - ptr n spacer
- - - number of spacers in each fuel assembly type (input)
- - ptr spacer location
- - - pointer to array containing location of spa- (input)
- - cers for each fuel assembly type
- - ptr spacer material
- - - pointer to array containing spacer material (input)
- - mnemonic for each fue assembly type
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - i - utility index variable
- - j - utility index variable
- - ptr n - pointer to integer vector

s n
short int i,j;
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int *ptr n -ptr nspacer;
/* - Float Variabl-e(-s)

-- ptrjf - pointer to floating point array

float *ptr f - ptr-spacer..location;
/*- Character Variable(s)
-- ptr-c - pointer to ascii string vector

ascii string *ptr c - ptr spacer material;
/*- FILE Variable(s)
-- nout - output file

extern FILE *nout;
1* - Summarize NAMELIST Input Directives…-------

heeidero0;
lines (5+nbundlg);
fprintf (fout
,"OFuel Assembly Spacer Information\n");

/*- Number of Spacers for Each Unique Fuel Assembly Geometry *
fprintf(nout,"Olndex Number of Spacers M~aterial Mnemonic\n\n');
for(i - l;i <- nbundlg;i++){

fprintf(nout,n %3i %2i sn
,i, *ptr-n, *ptr C);

ptr-n++;
ptr-c++;)

/*- Spacer Coordinates for Each Type *
lines (3+nbundlg);
fprintf(nout,"Olndex Axial Distance from BAF (cm)\n\n");
ptr n - ptr-n spacer;
for~i - 1;i <- nbundlg;i++){

fprintf(flout," %3i", i);
forci - 1;j <- *ptr n;j++)i
fprintf (fout, ' %7.3f', *ptr-f);
*ptr-f++;

fprintf(nout, W\nU)

ptr-n++;

Function editin
#include~stdio. h>
I include~string. h>
typedef char ascii-string[1331;

- 'I

void editin(char core db(J,char l1prefix[J,char fprefix~jint naxial
,int naxpl,float afl,inxt nrowp,int ncolp,int nrowbp,int ncolbp
,int nbundlg,int nbundlm,int *gmap,int *mm~ap,int *lgvect,int *lmvect
,int *bladep,int nlatticg~int nlatticm,ascii string *lgdsnam
,ascii_string *lmdsnan,"char core-mtls(I,int core-f,char blade-db(]
,float rho,float rhobyp,float tempk,char mutplj,char mltp(3)(

I.…-- - - - - - - - - - - - - - -
-- *e d i t i n- * Edits Input Directives
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Argument s):
core db -
lprefix -

fprefix -

naxial -
naxpl -

afl -
nrowp -
ncolp -
ncolbp -

nbundlg -

nbundlm -

file name for core geometry dataset
file specification prefix for lattice geo-
metry datasets
file specification prefix for fuel material
intermediate datasets
number
number
active
number
number
number
number
in the
number

of axial nodes in problem
of axial nodes in core + 1
fuel length
of rows of fuel in the problem
of columns of fuel in the problem
of control blade rows in the problem
of distinct fuel assembly geometries
core
of distinct fuel assembly material

(input)
(input)

(input)

(input)
(input)
(input)
(input)
(input)
(input)
(input)

(input)

(input)
(input)
(input)

(input)

(input)
(input)
(input)
(input)

types in the core
gmap - map for fuel assembly geometical indices
mmap - map for fuel assembly material indices

lgvect - vectors mapping fuel lattice indices to fuel
assembly indices for geometries

lmvect - vectors mapping fuel lattice material indices
to fuel assembly material indices

bladep - map of control blade positions
Latticg - number of unique lattice geometries
,atticm - number of unique lattice materials
Xsdsnam - pointer to character strings holding names of

lattices geometry datasets
.sdsnam - pointer to character strings holding names of

fuel material intermediate datasets

nl
nl
lg

1m (input)

core

blac

rk

mtls - file description for core materials dataset
ore f - fraction of core modeled

(I - full, 2 - half, 4 - quarter)
ie db - control blade dataset for problem
rho - input density of inchannel moderator (g/cc)

iobyp - input density of bypass moderator (g/cc)
.empk - problem temperature (Kelvin)
mutp - material identifier for Upper Tie Plate

Region
mltp - material identifier for Lower Tie Plate

Region

(input)
(input)

(input)
(input)
(input)
(input)
(input)

(input)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Character Variable(s)
- - buffer - string variable used to load entire lines for print
- - sbuff - short string variable used to load a segment of a line

'I
char sbuff[51;
char buffer(133];

/* - FILE Variable(s)
- - nout - output file

*/
extern FILE *nout;

/* - Summarize NAMELIST Input Directives - - - - - - - - - - - - - -*
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header 0;
lines(5);
fprintf(nout,"OInput Edit -- Values from Input Deck Card Images\n");
fprintf(nout,"O Variable Value Definition\n");
fprintf(nout,"\n");
lines(2);
strcpy(buffer,* CORE DB");
bufferpad(buffer, strlen(buffer),23);
strcat(buffer,"Location of Core Geometry Database\n");
fprintf(nout,buffer);
fprintf(nout," %s\n",core db);
lines(2);
strcpy(buffer,n CORE MTLS");
bufferpad(buffer,strien(buffer),23);
strcat(buffer,"Location of Core Materials Database\n");
fprintf(nout,buffer);
fprintf(nout," ts\n",core-mtls);
lines(2);
strcpy(buffer," LPREFIX");
bufferpad(buffer,strlen(buffer),23);
strcat (buffer
,"File Specification for Lattice Geometry Datasets\n");

fprintf(nout,buffer);
fprintf(nout," %s\n",lprefix);
lines(2);
strcpy(buffer," FPREFIX".);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer
,"File Specification for Lattice Material Datasets\n");

fprintf(lout,buffer);
strcpy(buffer," BLADE OB");
bufferpad(buffer,strlen(buffer),23);
strcat(buffer
,"File Specification for Blade Geometry Datasets\n");

fprintf(nout,buffer);
fprintf(nout," %s\n",fprefix);
lines(4);
sprintf(buffer," NROWP %6i",nrowp);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Number of Rows in Problem Core Map\n");
fprintf(nout,buffer);
sprintf(buffer," NCOLP t6i",ncolp);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Number of Columns in Problem Core Map\n");
fprintf(nout,buffer);
sprintf(buffer," NAXIAL %6i",naxial);
bufferpad(bufferstrlen(buffer),23);
strcat(buffer,"Number of Axial Nodes\n");
fprintf(nout,buffer);
sprintf(buffer," AFL t7.2f",afl);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Active Core Height (cm)\n");
fprintf(lout,buffer);
sprintf(buffer," COREF %6i",coref);
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bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Fraction of Core Modeled:");
switch (core f){
case 1:

strcat(buffer," full-core problem\n"); break;
case 2:

strcat(buffer," half-core problem\n"); break;
case 4:

strcat(buffer," quarter-core problem\n"); break;
default:

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r -- Function");
fprintf(nout," editin: Illegal Input for core f\n");
fprintf(nout," Value Encountered - ti\n");
aborto0;

fprintf(nout,buffer):
lines(2);
sprintf(buffer," RHO %7.5f",rho);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Inchannel Density (g/cc)\n");
fprintf(nout,buffer);
sprintf(buffer," RHOBYP %7 .5f",rhobyp);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Bypass Density (q/cc)\n");
fprintf(nout,buffer);
lines(1);
sprintf(buffer," TEMPK 17.2f",tempk);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Problem Temperature (Kelvin) \n");
fprintf(nout,buffer);
lines (1);
sprintf(buffer," MUTP ts",mutp);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer
,"Material Identifier for Upper Tie Plate Region\n");

fprintf(nout,buffer);
lines(1):
sprintf(buffer," MLTP %s",mltp);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer
,"Material Identifier for Lower Tie Plate Region\n");

fprintf(nout,buffer);
/* - Edit Fuel Assembly Geometry Assignment Map */
lines(4+nrowp):
fprintf(nout,"OFuel Assembly Geometry Index Map\n");
fprintf(nout,"\n");
j short int i,j;
int *p - gmap;
fprintf(nout," ")
for(i - 1: i <- ncolp; i++)
fprintf(nout," %2i",i);

fprintf(nout, "\n");
fprintf(nout,"\n");
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for(j - 0; j < nrowp; j++){
sprintf(buffer," %2i", (+1));
for(i - 0; i < ncolp; i++)(

if(*p - 0)
strncat(buffer," "14);

elsef
sprintf(sbuff," %3i",*p);
strncat(buffer,sbuff,4);

P++;

fprintf(nout,buffer);
fprintf(nout,"\n");

)
/* - Edit Lattice Geometry Assignment Vectors */
lines(7);
fprintf(nout,"OLattice Geometry Loading Vectors\n");
fprintf(nout,"OFuel Assembly Index/Lattice Index\n");
I short int i,j;

int *p - lgvect;
fprintf(fnout," bundle");
forli - 1; i <- naxial; i++)

fprintf(nout,"15i",i);
fprintf(nout, "\n");
fprintf(lout,"\n");
for(j - 0; j < nbundlg; J++)(
fprintf(nout," 15i ",*p);
p4+;
for~i - 1; i < naxpl; i++)(

fprintf(nout,"15i",*p),
P++;

)
if(i > 1) lines(l);
fprintf(nout,"\n");

}
J* - Edit Lattice Geometry Dataset File Specifications *
lines(5);
strcpy(buffer,"");
bufferpad(buffer,0,132);
fprintf(nout,"OLattice Geometry Datasets\n");
fprintf(nout,"\n");

short int i;
ascii string *p - lgdsnam;
for(i - 0; i < nlatticg; i++, p++)l
sprintf(buffer," 12i ",i+1);
strncat(buffer,*p,132);
if(i > 4) lines(l);
fprintf(nout,buffer);
fprintf(nout,"\n");)

J* - Edit Fuel Assembly Material Assignment Map */
lines(4+nrowp);
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strcpy (buffer,"") ;
bufferpad(buffer,0,132);
fprintf(fnout,"OFuel Assembly Material
fprintf(nout,"\n");
{ short int i,J;

int *p - mmap;
fprintf(nout," n);

for(i - 1; i <- ncolp; i++)
fprintf(nout,l %2i", i);
fprintf(nout,"\n");
fprintflnout,"\n");
for(j - 0; j < nrowp; j++)(
sprintf(buffer," %2i",(j+l));
for(i - 0; i < ncolp; i++){
if(*p -- 0)

strncat(buffer," ",4);
else(
sprintf(sbuff," 13i",*p);
strncat(buffer,sbuff,4);

Index Map\n");

fprintf(nout,buffer);
fprintf(nout,"\n");

)
/* - Edit Lattice Material Assignment Vectors *
lines(7);
fprintf(nout,"OLattice Material Loading Vectors\n");
fprintflnout,'OFuel Assembly Index/Lattice Index\n");
{ short int i,j;

int *p - lmvect;
fprintf(nout," bundle");
forli - 1; i <- naxial; i++)

fprintf(nout,,"%5i",i);
fprintf(nout,"\n");
fprintf(nout,"\n");
for(j - 0; j < nbundlm; J++){
fprintf(nout," %5i ",*p);
p++;
for(i - 1; i < naxpl; i++){
fprintf(nout,1 %5i",*p);
p++;

if(i > 1) lines(l);
fprintf(nout,"\n");

/*- Edit Lattice Material Intermediate Dataset File Specifications */
lines(5);
etrcpy(buffer,'");
bufferpad(buffer,0,132);
fprintf(fnout,"OLattice Material Intermediate Datasets\n");
fprintf(nout,"\n");
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I short int i;
ascii.string *p - lmdsnam;
for~i - 0; i < nlatticm; i++, p++)1
sprintf(buffer," %2i ",i+l);
strncat(buffer,*p,132);
ifli > 4) lines~l);
fprintflnoutbuffer);
fprintf(lout,1"\n");)

/* - Edit Blade Positioning Map '/
lines(4+nrowbp);
strcpy(buffer,"");.
bufferpad(buffer,0,132);
fprintf(nout,"OControl Blade Positioning Map\n");
fprintf(nout,"\n");
( short int i,j;
int *p - bladep;
fprintf(nout," ");

forli - 1; i <- ncolbp; i++){
short int ib;
ib - (2*i)-l;
fprintf(nout," %2i",ib);

-)
fprintflnout,"W\n);
fprintflnout,"\nW);
forcj - 0; j < nrowbp; J++){
short int Jb;
jb - (2*(J+1))-1;
sprintf(buffer," %2i",Jb);
for(i - 0; i < ncolbp; i++)(

if((*p -- 48) I (*p -- -1))
strncat(buffer," ",4);

else(
sprintf sbuff," %3i",*p);
strncat(buffer,sbuff,4);

}
P++;

fprintflnout,buffer);
fprintflnout,"\n");

return;
)

Function fgdsedt

tinclude <stdio.h>
Ylnclude <string.h>

typedef char ascii string(133];
typedef struct fuel gometry(

ascii string gds name;
int latdim;
int nwr;
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float cthick;
float asin;
float wgap;
float ngap;
float cradius;
float fsrd;
float cfsrd;
float rpitch;
float cod;
float cid;
float pod;
char frcmat[63;
char fcmat(6];

I fg list;

void fgds edt(int nlatticg,char lprefixtl,ascii string *lgdsnam
,fg list *ptr lg.ds)

- - fgds edt - edits contents of fuel geometry datasets

- - Argument(s):
- - operation - flag for memory operation to perform (input)
- - 1prefix - prefix for lattice geometry datasets (input)
- - lgdsnam - file descriptions for lattice geometry datasets (input)
- - ptr lg ds - pointer to first element in list of fuel geo- (input)
- - datasets
_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variables
- - i - loop control variable

*1
short int i;

/* - Character Variable(s)
- - fn - filename for lattice geometry dataset
- - buffer - string used to manage output

'I
ascii string fn, buffer;

/* - FILE Variable(s)
- - nout - stream for output file

extern FILE *nout;
/* - Structured Variable(s)

- - p - pointer to current element in list of fuel geometry datasets
- - l - pointer to current element in list of lattice gometry dataset
- - names

*/
fg list *p - ptr lgjds;
ascii string *1 - lgdsnam;

/* - Loop Over all the Lattice Geometry Types - - - - - - - - - - - - -*
for( i - 1; i <- nlatticg; i++,p4+,l++)(
lines(20);
strcpy(fn,lprefix);
strcat fn,* 1);
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fprintf(nout,"OValues from Lattice Geometry Dataset:\n %s\n",fn);
fprintf(nout,"0 Variable Value Definition\n\n");
sprintf(buffer," LATDIM %6i",p->latdim);
bufferpad(buffer,strien(buffer),23);
strcat(buffer,"Lattice Dimensionality\n");
fprintf(nout,buffer);
sprintf(buffer," NWR %6i",p->nwr);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Number of Water Rods\n");
fprintf(nout,buffer);
sprintf(buffer," CTHICK %5.2f",p->cthick);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Channel Thickness (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," ASIN %5.2f",p->asin);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Channel Interior Span (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," WGAP %5.2f",p->wgap);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Wide Gap Half-thickness (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," NGAP %5.2f",p->ngap);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Narrow Gap Half-thickness (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," CRADIUS %5.2f",p->cradius);
bufferpad(buffer,strien(buffer),23);
strcat(buffer,"Channel Corner Inner Radius (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," FSRD %5.2f",p->fsrd);
bufferpad(bufferstrlen(buffer),23);
strcat(buffer,"Clad Surface to Clad Surface Separation (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," CFSRD %5.2f",p->cfsrd);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer
,"Clad Surface to Inner Channel Surface Separation (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," RPITCH t5.2f",p->rpitch);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Fuel Rod Pitch (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," COD %5.2f",p->cod);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Fuel Rod Cladding Outer Diameter (cm)\n");
fprintf(lnout,buffer);
sprintf(buffer," CLD %5.2f",p->cld);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Fuel Rod Cladding Thickness (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," POD %5.2f",p->pod);
bufferpad(buffer,strlen(buffer),23):
strcat(buffer,"Fuel Pellet Outer Diameter (cm)\n");
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fprintffnout,buffer);
sprintf(buffer," FRCMAT %S",p->frcmat);
bufferpad(bufferstrlen(buffer),23);
strcat(buffer,"Fuel Rod Cladding Material Identifier\n");
fprintf(nout,buffer);
sprintf(buffer," FCMAT %s",p->fcmat);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Fuel Channel Material Identifier\n");
fprintf(nout,buffer);
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2.5. Deck Generation Routines

Function addcell
#include <stdio.h>
Yinclude <string.h>

typedef char asciistring[1331;

void bufferpad(charl],intint);

void add cell(char label[lchar material[1,FILE *lu8,int *ncell
,int index,float density,int *nuniverse){

/ .- - - - - - - - - - - _
- - * a d d c e 1 l * adds cell definition to MCNP model

- - Argument(s):
- - label - Label for Cell (input)
- - material - Label for Cell Material (input)
- - lu8 - Pointer to Scratch File Stream for Cell Def- (input)
- - initions
- - ncell - Cell Number (input)
- - index - Index for Cell Material (input)
- - density - Density for Cell Material (input)
- - nuniverse - Universe for Cell (input)

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- - Character Variable(s)
- - buffer - buffer for processing lines of output
- - ptr buf - pointer to buffer

ascii string buffer;
char *ptr _buf;

/* - FILE Variable(s) - - - … - - - - - - - - - - - - - - - - - - - - -
- - nout - pointer to output stream

*/
extern FILE *nout;

/* - Write Cell Definition to MCNP Input Deck - - - - - - - - - - - -*
(*ncell)++;
fprintf(luB,"c %s\n",label);
if(index !- 0)

fprintf(lu8,"%5i %5i tl0.4E",*ncell,indexdensity);
else

fprintf(1u8, "%5i %5i',*ncell,index);
/* - Write Cell Definition to Output File - - - - - - - - - - - - - -*
sprintf(buffer," t5i",*ncell);
bufferpad(buffer,strlen(buffer),(30-strlen(material)));
ptr buf - buffer+(30-strlen(material));
sprintf(ptr buf,"%s/%5i/tlO.4E",material,index,density);
if(*nuniverse !- °)l
ptr buf - buffer+49*sizeof(char);
bufferpad(buffer,strlen(buffer),49);
sprintf(ptr buf,w%4i",*nuniverse)s}
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ptr buf - buffer+59*sizeof(char);
bufferpad(bufferstrlen(buffer),59);
sprintf(ptr buf,"%s\n",label);
lines~l);
fprintf(nout,buffer);

)

FunctIon addlike-but
#include <stdio.h>
#include <string.h>

typedef char ascii string[1331;

void bufferpad(charl,int,int);

void add like but(char label(l,char material[],FILE *1u8,int *ncell
,char but string[j,int ncref,int *nuniverse)(

- - * 8 d d c e 1 1 * adds cell definition to MCNP model

- - Argument(s):
- - label - Label for Cell (input)
- - material - Label for Cell Material - (input)
- - lu8 - Pointer to Scratch File Stream for Cell Def- (input)
- - initions
- - ncell - Cell Number (input)
- - but-string - String Variable Containing Exceptions to (input)
- - Cloned Cell
- - ncref - Index of Cell to Clone (input)
- - nuniverse - Universe for Cell (input)

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- - Character Variable(s)
- - buffer - buffer for processing lines of output
- - ptr buf - pointer to buffer

ascii string buffer;
char *ptr buf;

/* - FILE Variable(s) - - - - - - - - - - - - - - - - - - - - - - - - -
- - nout - pointer to output stream

*1o
extern.FILE *nout;

/* - Write Cell Definition to MCNP Input Deck - - - - - - - - - - - -*
(*ncell)++;
fprintf(lu8,"c %s\n",label);
fprintf(lu8,"%5i like 1i but \n",*ncell,ncref);
if(strlen(but string) !- 0)

fprintf{lu8," ts\n",but string);
/* - Write Cell Definition to Output File - - - - - - - - - - - - - -*
sprintf(buffer," %5i",*ncell);
bufferpad(buffer,strlen(buffer),(30-strlen(material)));
ptr-buf - buffer4(30-strlen(material));
sprintf(ptr buf,"%s",material,ncref);
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if(*nuniverse !- O)
ptr buf - buffer449*sizeof(char);
bufferpad(bufferstrien(buffer),49);
sprintf(ptr buf,"%4i",*nuniverse);)

ptr buf - buffer+59*sizeof(char);
bufferpad(buffer,strlen(buffer),59);
sprintf(ptr-buf,"%s\n",label);
lines(l);
fprintf(nout,buffer); -

linesl();
fprintf(nout," Ss\n",but string);

Function add material

{include <stdio.h>
#include <string.h>

typedef char ascii string[l33];
typedef struct s materialf

struct s material *last;
int atomic number;
int mass number;
float weight percentage;
char librarysuffix[S);
struct s-material *next;
1 11 material;

void add material (FILE *lulO,int nmaterial,char label[(,int
,11material *ptr mtl) (

/ - - - - - - - - - - _
- - * a d d m a t e r i a 1 * adds material definition

- - Argument(s):

n entries

_ _ lulO - pointer to scratch stream for MCNP material (input)
definitions

nmaterial - number of materials in MCNP problem (i&o)
label - material identifier (input)

n entries - number of entries in material definition (input)
linked list

ptr mtl - pointer to linked list for a specific material (input)
… - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

*1

Variable Declarations - - - - - - -
Integer Variable(s)

i - loop index
Iloc - location in string

nyprint - number of lines printed -
nval - number of entries printed on a single line

int i, nloc, njprint - 1, nval - 0;
/* - Character Variable(s)
- - zaid - MCNP material identifier
- - cp - pointer to character string
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- - suffix - local variable for library suffix

char zaidill);
char *cp;
char suffix[5);

/* - Structured Variable(s) */
11 material 'pm;

/* - Copy Material Definition from Linked List - - - - - - - - - - - -
fprintf(lulO,"c %s\n',label);
pm - ptr mtl;
for(i - 1; i <- n entries; i++H
ifpm->weight-percentage I- 0.O){

cp - zaid;
nloc - 3;
if(pm->atomic number < 100)1
sprintf(cp,"O");
cp++;
nloc--;)

if(pm->atomic number < 10)(
sprintf(cp, "O");
cp++;

nloc--;)
sprintf(cp,"%i",pm->atomic number);

short int ip;
forlip - nloc; ip > 0; ip--) cp++;

nloc - 3;
iflpm->mass number < 100)(
-sprintf(cp,"O");

cp++;
nloc--;)

if(pm->massnumber < 10)l
sprintf(cp,"O");
cp++;
nloc--;)

sprintf(cp,"%i",pm->mass number);
I short int ip;
for(ip - 1; ip <- nloc; ip++) cp++;

)
strncpy(suffix,pm->library suffix,4);
suffix(41 - '\0';
sprintf(cp,"ts",suffix);
if(njprint -- 1)1
n-print++;
nloc - 0;
ift*nmaterial < 1000) nloc++;
if(*nmaterial < 100) nloc++;
if(*nmaterial < 10) nloc++;
I short int ip;
for(ip - 1; ip <- nloc; ip++) fprintf(lulO," ");
fprintf(lulO,"mUi %s t10.4E",*nmaterial,zaid
-(pm->weight percentage));

nval++.;
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else(
if(nval - 0) fprintf(lulO,"
fprintf(lulO,* Ss %1O.4E",zaid
,-(pm->weight percentage));

n_print++;
nval++;
if(nval - 3)H

fPrintf~lulO, "\n");
*nval - 0;

)

pm - pm->next;

if(nval I- 0) fprintf(lulO,"\n");

Function adcLsurface

#include <stdio.h>
#include <string.h>

typedef char ascii string[1331;

typedef struct su list{
struct su list *last;
int index;
ascii string label;
asciistring value;
char mnemonic[4];
ascii string equivalent label;
struct su list *next;
I surface usagelist;

surface usage list *load surface usagelist(charl],int
,char(3,char(],chart3,surface usage list *);

void search surface usage list(int,char[(,int *,char[(,char[]
,char[],surface usage list *);

void add surface(int operation,asciistring label,char mnemonic[4J
,FILE *±u8,FILE *lu9,int *index,ascii string value
,surface usagelist *ptr surface usage,int *nsurface)f

-- ad* a d _ u r f a c e * adds surface to MCNP model

- - Argument(s):
- - operation - operation to perform (input)
- - (0 - add new surface card,
- - 1 - do not add new surface card)
- - label - Label Surface (input)
- - mnemonic - MCNP mnemonic for surface (first edit only) (input)
- - lu8 - Pointer to Scratch File Stream for Cell Def- (input)
- - initions
- - lu9 - Pointer to Scratch File Stream for Surface (input)
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- - Definitions
- - index - Index for Surface (ilo)
- - value - String Containing Values for Defining Surface (input)
- - ptr surfaceusage
- - - Points to Surface Usage Linked List (input)
- - nsurface - total number of surfaces (ilo)

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - multiplier - multiplier on index for cell card
- - equivalent index - index for equivalent surface

*1
int multiplier - 1.0, equivalent-index;

/*- Character Variable(s)
- - buffer - buffer for processing lines of output
- - ptr buf - pointer to buffer
- - equivalent label - label for surface with identical-definition

'I
ascii string buffer, equivalent label _
char *ptr _buf;

/* - FILE Variable(s) - - - - - - - - - - - - - - - - - - - - - - - -
- - nout - pointer to output stream

*1
extern FILE *nout;

/* - Structured Variable(s) - - - - - - - - - - - - - - - - - - - - -
- - ptr sl - pointer to surface usage list

*/
surface usage list *ptr sl;

/* - For New Surfaces, Write to Surface Accumulation Scratch File */
if(*index < 0) {
multiplier - -1;
*index - -(*index);)

if(operation -- 0)1
/* - Search for Equivalent Surface that has already been Defined */

search surface usage list(2, "",&equivalent index,value,mnemonic
,equivalent label,ptr surface usage);

ptr sl - ptr surface usage;
while(ptr sl->next I- NULL) ptr sl - ptr-sl->next;
if(equivalent index - 0)1

(*nsurface) +4;
*index - *nsurface;)

else
*index - equivalent index;

ptr sl - load surface usage list(label,*index,value,mnemonic
,equivalent label,ptr l);

if(equivalent index -- O)1
fprintf lu9,"c Is\n",label);
fprintf(lu9,"%5i ts %s\n",*index,mnemonic,value);)

}
/*- Write Surface Definition to Cell Card in MCNP Input Deck - - - -
fprintf lu8," %i", (multiplier*(*index)));

/* - Write to Edit */
sprintf(buffer," %6i %s",( multiplier*(*index)),mnemonic);

*/
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bufferpad(buffer,strlen(buffer),59);
ptr buf - buffer+59*sizeof(char);
sprintf(ptr-buf,"%s\n',label);
lines l);
fprintf(nout,buffer);

FunctIon add.symmetrypurfaces
linclude <stdio.h>
include <string.h>

typedef char ascii string[l33];

typedef struct su-list(
struct su list *last;
int index;
ascii string label;
ascii string value;
char mnemonic[41;
ascii string equivalent label;
struct su list *next;

1 surface usagelist;

void search surface usage list(int,chart],int *,char(],char[],char[]
,surface usagelist *);

surface usage list tLoad surface usage list(char[l,int,char(],char(I
,charC],surface usage list *);

void add symmetry surfaces(int core f,FILE *1u8,FILE *1u9
,surface usagelist *ptr surface usage,int colons)(

- - * a dd s y m m e t r y s u r f a c e s * adds symmetry sur-
faces to MCNP
model

_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Argument(s):
- - core f - Flag for Fraction of Core in Model
- - (O - full, 2 - half, 4 - quarter)
- - lu8 - Pointer to Scratch File Stream for Cell Def-
- - initions
- - 1u9 - Pointer to Scratch File Stream for Surface

Definitions
- - ptr surface usage
- - - Pointer to Surface Usage Linked List
- - colons - Flag to Indicate that colons should be added
- - before Surface Indices in Cell Definition
- - (O - no

(input)

(input)

(input)

(input)
(input)

-- 1 - yes)

_ -_ - - - - -

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- a Integer Variable(s)
- - index - index to surface
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int index;
/* - Character Variable(s)

- - buffer - buffer for processing lines of output
- - label - label for surface
- - ptr buf - pointer to buffer
- - mnemonic - MCNP mnemonic for surface
- - value - surface definition

*/

char mnemonic(4];
ascii string buffer, label, value;
char *ptr buf;

/* - FILE Variable(s) - - - - - - - - - - - - - - - - - - - - - - - - -
- - nout - pointer to output stream

*/

extern FILE fnout;
/* - Structured Variable(s)

- - ptr-sl - pointer to surface usage list
*/

surface usagelist *ptr sl;
/* - Write Surface Definition to Cell Card in MCNP Input Deck - - - -
strcpy(label,"X-Z Plane");
search surface usage list(1,label,&index,"","","",ptr surface usage);
strcpy(mnemonic, ");
if(colons - 1) fprintf(lu8,":");

/* - Add Surface for First Occurrence 4/

if(index -- 0)H
ptr sl - ptr surface-usage;
while(ptr sl->next !- NULL) ptr-sl - ptr sl->next;
index - (ptr sl->index)+l;
strcpy(mnemonic,"py");
strcpy(value, "o.o0);
ptr sl - load surface usage list(label,index,value,mnemonic

,"",ptr sl);
fprintfllu9,"c ts~n',label);
fprintf(lu9," *%5i 0.O\n",index);)

fprintf(lu8," ti",index);
sprintf(buffer," %6i %s",index,mnemonic);
bufferpad(buffer,strlen(buffer),59);
ptr-buf - buffer+59*sizeof(char);
sprintf(ptr-buf,"%s\n",label);
lines(l);
fprintf(nout,buffer);
if(core-f -- 4)

if(colons -- 1) fprintf(lu8,":");
strcpy(label,"Y-Z Plane");
search surface usage list (1, label, &index, "",",
,ptr surface usage);

strcpy(nnemonic,"");
if(index -- 0)4
ptr-sl - ptr surfaceusage;
while(ptr sl->next !- NULL) ptr sl - ptr sl->next;
index - (ptr sl->index)+l;
strcpy(mnemonic,"px");
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strcpy(value, "o.O");
ptr sl - load surface usage list(label,index,value,mnemonic
, "Mptr sl);

fprintf(lu9,"c %s\n",label);
fprintfllu9," *%5i 0.0\n",index);)

fprintf(lu8," Si", (-index));
sprintf(buffer, n %6i Ss", (-index),mnemonic);
bufferpad(buffer,strlen(buffer),59);
ptr buf - buffer+59*sizeof(char);-
sprintf(ptr buf,"%s\n",label);
lines l);
fprintf(nout,buffer);

)
Function augmentfattlcejist

include <stdio.h>
tinclude <string.h>

typedef char ascii stringl133);

typedef struct all{
struct all *last;
int basis lattice material index;
int lattice material index;
struct all *next;
I augmented lattice list;

augmented lattice list *memory lattice list(int
,augmented lattice list *);

void augment lattice list(int *nlatticm,int *lmvect,int *lgvect
,int nlatticmnrefint nlatticg,int nbundlm,int nbundlg,int naxial
,int *ptr n spacer,int *ptr spacer node
,augmented lattice-list -additional lattices
,int *ptr correspondence table)(

*a u g m e n t a t t i c e 1 is t * adds lattices incor-
porating spacer grids
into material lattice
loading vectors

- - Argument (s):
- - nlatticm - total number of unique material lattice indices (iso)
- - lmvect - material lattice loading vectors Ui60)
- - lgvect - geometrical lattice loading vectors (input)
- - nlatticm ref
- - - total number of unique material lattice indi- (input)
- - ces without augmentation for lattices incor-
- - porating spacers
- - nlatticg - total number of unique geometrical lattice in- (input)
- - dices
- - nbundlm - number of unique fuel assembly materials (input)
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- nbundlg - number of unique fuel assembly geometries
- naxial - number of axial nodes in problem
- ptrn nspacer
- - number of spacer grids associated with each
- geometrically unique fuel assembly
- ptr spacer node
- - nodal location of spacer grids for each geo-
- metric fuel assembly type
- additional lattices
- = linked list of additional lattices generated
- to accomodate spacer grids
- ptr correspondence table
- - table providing relationship between lattice
- material indices and lattice geometrical in-
- dices

(input)
(input)

(input)

(input)

(output)

(input)

-

Variable Declarations - - - - - - - - - - - - - - - - - -
Integer Variable(s)

k - axial index for looping
n - uility loop variable

nglat - lattice geometry index
ngasm - fuel assembly geometry index

lmv - pointer to lattice material index list
lgv - pointer to lattice geometry index list

spacer present - flag to indicate whether a spacer grid i! ; present
at this location

*/
short int k,n;
int ngasm, spaceryresent, nglat;
int *lmv - lmvect, *lgv;

/* - Structured Variable(s)
- - ptr-al - pointer to additional lattice linked list

*1
augmented lattice list *ptr al - additional lattices;

/* - FILE Variable(s) - - - --- - - - - - - - - - - - - - - - - - - -
- - nout - pointer to output stream

extern FILE *nout;
/* - Sweep through Material Assembly Types - - - - - - - - - - - - - -*

for(n - l;n <- nbundlm;n++){
1* - Skip Fuel Assembly Index */

lmv++;
/* - Sweep from Bottom of Assmbly to Top *1

for(k - l;k <- naxial;k++,lmv+-)(
/* - Determine Corresponding Lattice Geometrical Index */

I short int i;
int *p - ptr correspondence table;
while(*p !- *lmv) tp++;p++;)
nglat - *(p+l);

/* - Find Fuel Assembly Geometrical Type of which the Lattice Geometry
- - is a Member */

lgv - lgvect;
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short int i,bk,ns;
int *ptr - ptrfn_spacer;
int *ptr n - ptr-spacer node;
ngasm - 0;
forli - l;i <- nbundlg;i++)

if(ngasm -- 0)1
/* - Skip Fuel Assembly Index *J

lgv++;
for(bk - l;bk <- naxial;bk++,lgv++)

if(*lgv -- nglat)l
ngasm -i;
break;)

)
else break;

/* - Compare Nodes at which Spacer Grids are Located with Current Axial
- - Node Index */

spacerypresent - 0;
for~i - l;i < ngasm;i++,ptr++)

for(ns - l;ns <- *ptr;ns++,ptr n++);
for(bk - l;bk <- *ptr;bk++,ptr n++)

if(k -- *ptrn)l
spacer-present - 1;
break;}

}
J* - Determine whether this Lattice Incorporating a Spacer Grid has

- - already been defined */
if(spacerpresent -- 1){
I short int found - 0, first - 0;
augmented lattice list *ptr next;
ptr al - additional-lattices;
do(

if(first !- 0) ptr al - ptr al->next;
first - 1;
if(ptr al->basis lattice material index -- *lmv){

found - 1;
*lmv - ptr al->lattice material index;
break;)

}
while(ptr al->next !- NULL);

/* - Spacer Grid not already Defined, Augment Lattice List */
i

/* - Check

flfound - H 0)
ptr al - additional lattices;
for First Entry in Linked List *f
if(ptr al->lattice material index !- NULL)(
while(ptr al->next !- NULL) ptr al - ptr al->next;
ptr next - memory lattice list(l,ptr next);
ptr-next->last - ptr al;
ptr al->next - ptr next;
ptr al - ptr next;)

(*nlatticm)++;
ptr al->basis lattice material index - *lmv;
ptr al->lattice material index - *nlatticm;
ptr al->next - NULL;
*lmv - *nlatticm;
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}
}
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Function builcdassemblies
#include <stdio.h>
include <string.h>
typedef char ascii-string[l331;

typedef struct su list(
struct su list *last;
int index;
ascii string label;
ascii string value;
char mnemonic[4];
ascii string equivalent label;
struct su list *next;

- surface usagelist;

void add cell(char(l,char(3,FILE ,int *,int,float,int *);
void add surface(int,char(J,charWFILE *,FILE *,int *,char(J
,surface usagelist *,int *);

void lines~int);
void search surface usage list(int,charl),int *,charl),chari)
,char(l,surface usage list *);

void build-assemblies(int *ncell,int *nuniverse,FILE *lu8,FILE *lu9
,surface usagelist *ptr surface usage,float *ptr nab,int **ptr-ufa
,int nbundlm,int *lmvectint naxial,int *ptr ufl,int *nsurface)(

/* … - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - * b u i l d a s s e m b 1 i e s * builds fuel

constituent
- - - - - - - - - - - - - - - - - - - - - - - - - - - -

assemblies from
lattices
- - - - - - - -

Argument(s):
ncell - number of cells in MCNP model (input)

nuniverse - number of "universes" in MCNP model (input)
lu8 - stream pointer for scratch file for cell (input)

definition accumulation
lu9 - stream pointer for scratch file for surface (input)

definition accumulation
ptr. surface usage

- linked list for surfaces already defined in (input)
the problem

ptr nab - vector with axial corrdinates for the tops of (input)

ptr-ufa

nbundlm
1mvect

naxial
ptr-ufl

nodes
- vector with universe indices for unique fuel

assembly types
- number of unique fuel assembly types
- vector containing assignment of lattice mat-

erial indices to fuel assembly material indi-

(output)

(input)
(input)

-

ces
number of axial nodes (input)
vector with universe indices for unique lat- (input)
tice types
total number of surfaces (input)nsurface -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - n - loop variable
- - k - loop control for axial location
- - index - utility index variable
- - llmv - pointer to lmvect array
- - p - pointer to **ptr ufa vector

*/
short int n,k;
int index, *lmv - lmvect;
int *p - *ptr-ufa;

/* - Character Variable(s)
- - label - label for cell, surface or material
- - mnemonic - mnemonic for surfaces
- - material - name of material
- - value - string for defining surface definition

*/
char mnemonic(4];
ascii string label, material, value;

/* - FILE Variable(s)
- - nout - pointer to code output file

*/
extern FILE *nout;

1* - Loop Over Unqiue Fuel Assemblies in the Core - - - - - - - - -*
for(n - 1;n <- nbundlm;n++)(

(*nuniverse)++;
for(k - l;k <- naxial;k++)i

/* - Cells for Axial Nodes */
sprintf(label,"Axial Node Si for Fuel Assembly %i",k,n);
strcpy(material,"void");
add cell(label,material,lu8,ncell,0,0.0,nuniverse);

/* - Surfaces for Node Boundaries */
if(k !- 1) (

sprintf(label,"Top of Node %i",(k-l));
search surface usagelist(l,label,&index,"","",""
,ptr surface usage);

if(index -- OH
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," populate control cells --\n");
fprintf(nout
," Surface not Found in Linked List, label - %s~nl
,label);)

add surface(l,label, ""lu8,1u9,&index,"",ptr surface usage
,nsurface);:

if(k I- naxial){
sprintf(label,"Top of Node %i",k);
search surface usage list l,label,&index,"", wft ""

,ptrsurface usage);
if(index -- 0)H
strcpy(mnemonic,"pz");
4 short int n;
float *p - ptr nab;
for(n - l;n < k;n++) p++;
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sprintf(value,"%lO.4Et",*p);

index - -1;
add surface(0,label,mnemonic,lu8,1u9, Lindex,value
,ptr surface usagensurface);l

elsel
index - -index;
add surface(l,label,"",lu8,lu9,&index,"",ptr surface usage
,nsurface);)

fprintf(lu8, "\n");
short int nn;
int *1 - lmv;
int *p - ptr ufl;
1++;
for(nn - l;nn < k;nn++,p++) continue;
fortnn - l;nn < *1;nn++,p++) continue;
fprintf(lu8," fill- %i\n",*p);
fprintf(lu8," u- ti imp:n- 1.0\n',*nuniverse);

/* **ptrufa - *nuniverse; 'I
*p - *nuniverse;
p++;
for(k - l;k <- (naxial+l);k++) lmv++;

Function buildcontrol_blade

#include <stdio.h>
#include <string.h>

typedef char ascii string(133];
typedef struct asciirecordi

struct ascii record *last;
ascii string line;
struct ascii record *next;
) a-record;

typedef struct s material(
struct smaterial *last;
int atomic-number;
int mass-number;
float weightpercentage;
char library suffix[5];
struct s material *next;
1 11 material;

typedef struct u listt
struct u list *last;
int index;
ascii string label;
struct u list *next;

} usagelist;
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typedef struct su list(
struct su list *last;
int index;
ascii string label;
ascii string value;
char mnemonic[41;
ascii string equivalent label;
struct su list *next;

I surface usage list;

void add material(FILE *,int *,char(],int,ll material *);
void add cell(char[),char[),FILE *,int *,int,float,int *);
usage list *load usage list(char[l,int,usagelist *);
surface usage list *load surface usage list(char[l,int,char(]
,char(],char(],surface usage-list *);

11 material *material match(a record *,char[],float *,int *);
int mchar(int *,char[]);
void lines(int);
void aborto;
void add surface~int,char(],charf],FILE *,FILE *,int *,char[l
,surface usage list *,int *);

void search usage list(intchar[l,int *,usage list ');
void rollupllm(llmaterial *p);

void build control blade(int ntube,float cbspan,float atid,float atod
,float cbthick,float trspan,float trthick,float wsthick,float cblength
,int ncs,float csoff,float cswidth,char cbpmat[l,char atmat[I
,char cbsmatf[,char cbtrmat[(,usage list *ptr material usage
,surface usage list *ptr surface usage,arecord *ptr-core-mtls
,FILE *lu8,FILE *lu9,FILE *lul0,int *nuniverse,int *nmaterial
,float bypassdensity,int *ncell,int *ucbint *nsurface
,int *ncell tr)(

J* -- - - I - _o - - - - - - -
- - * b u i l d _ c o n t r o l b l a de * builds control blade

model

- - Argument(s):
- - ntube - number of absorber tubes in control blade (input)
- - cbspan - control blade span (input)
- - atid - blade absorber tube inner diameter (cm) (input)
- - atod - blade absorber tube outer diameter (cm) (input)
- - cbthick - blade wing thickness (input)
- - trspan - blade tie rod span (cm) (input)
- - trthick - blade tie rod thickness (cm) (input)
- - wsthick - blade wing thickness (cm) (input)
- - cblength'- active absorber length (cm) (input)
- - ncs - number of central stiffeners in control (input)
- - blade wing
- - csoff - blade central stiffener offset (cm) (input)
- - cswidth - blade central stiffener width (cm) (input)
- - cbpmat - identifier for blade poison material (input)
- - atmat - identifier for absorber.tube material (input)
- - cbsmat - identifier for blade sheath material (input)
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- - cbtrmat - identifier for blade tie rod material
- - ptr material usage
- - - pointer to linked list of material labels and
- - indices
- - ptr surface usage
- - - pointer to linked list of surface labels and
- - indices
- - ptrcore matls
- - - pointer to linked list of core materials
- - lu8 - pointer to stream containing scratch file for
- - cell definitions
- - lu9 - pointer to stream containing scratch file for
- - surface definitions
- - lulO - pointer to stream containing scratch file for
- - material definitions
- - nuniverse - number of MCNP "universes"
- - nmaterial - number of MCNP materials
- - bypass density -

(input)

(input)

(input)

(input)
(input)

(input)

(input)

(ilo)
(i&o)

(input)
(iro)

(output)
(i&o)
(iao)

ncell
ucb

nsurface
ncell tr

density of water in bypass region
number of MCNP cells (non-translated)
universe number for control blade
total number of surfaces
number of MCNP cell that are translated

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)

sztmi
szbmi
spor
sator

sratmax
sratmin

aratymax
sratymin

trs2
trs3
trs4
trs5
trs6
trs7
trs8

sambig
-scor
scir

sxminbw
sxmaxbw
syminbw
symaxbw

crat
ctr
* cs
cbw

ccbn

surface
surface
surface
surface
surface
surface
surface
surface
surface
surface
surface
surface
surface
surface
surface
surface
surface
surface
surface
surface
surface
surface

index
index
index
index
index
index
index
index
index
index
index
index
index
index
index
index
index
index
index
index
index
index

for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for

top of absorber column
bottom of absorber column
reference boron carbide outer radius
reference absorber tube outer radius
XAMX for reference absorber tube cell
XMIN for reference absorber tube cell
YMAX for reference absorber tube cell
YMIN for reference absorber tube cell
tie rod surface #2
tie rod surface 13
tie rod surface 14
tie rod surface 15
tie rod surface 16
tie rod surface #7
tie rod surface S8
ambiguity surface for search corner
outer surface of sheath corner
inner surface of sheath corner
XMIN for blade window
XMAX for blade window
YMIN for blade window
YMAX for blade window

cell index
cell index
cell index
cell index
cell index

for
for
for
for
for

reference absorber tube
tie rod
control blade sheath
wing window
wing window cloned to north location



Waste Package Operations Calculation (Attachment)

Title: Listing of Routines and Functions for BLINK, Version 0
Document Identifier BOO000000-01717-0210-00010 REV 01 Attachment XIV Page 107 of 241

- - ccbw - cell index for wing window cloned to west location
- - ccbs - cell index for wing window cloned to south location
- - cis - cell index for inside of sheath
- - uar - universe index for reference absorber tube
- - us - universe index for sheath and absorber tubes
- - ublade - universe index for entire blade
- - n entries - number of elements/isotopes of which a material is
- - composed
- - index - index of location in list
- - zero - the value zero
- - uwing - universe index for reference blade wing
*1

int sztmi, szbmi, spor, sator, sratmax, sratmin, sratymax, sratymin
trs2, trs3, trs4, trs5, trs6, trs7, trs8, sambig, scor, scir
sxminbw, sxmaxbw, syminbw, symaxbw;

int crat, ctr, cs, cbw, ccbn, ccbw, ccbs, cis;
int uar, us, ublade, uwing;
int n entries - 0, index, zero - 0;

/* - Float Variable(s) - - - - - - - - - - - - - - - - - - - - - - - - -
- - ztmi - position of tip of blade absorber column when blade fully
- - inserted (143.75 inches for all BWR's)
- - zbmi - position of bottom of blade absorber column when blade
- - fully inserted
- - por - outer radius of boron carbide absorber mass
- - ator - outer radius of absorber tube

- xcorn - Inner Surface of Sheath Corner
- - tfs - absorber tube field span
- - acmax - XMAX Surface for Reference Absorber Cell
- - xO - X-coordinate for center of reference absorber tube
- - xambig - ambiguity surface for sheath corner
- - density - density for material
- - rzero - the value zero
*1
float ztmi - 365.125, zbmi, por. ator, xcorn, tfs, acmax, xO, xambig;
float density, rzero - 0.0;

/* - Character Variable(s)
- - buffer - buffer for processing lines of output
- - ptr buf - pointer to buffer
- - label - label for cell or surface
- - value - character representation of surface definition values
- - mnemonic - identifier for MCNP surface
*1o
char mnemonic(4];
ascii string buffer, label, value;
char *ptr buf;

/* - FILE Variable(s) - - - - - - - - - - - - - - - - - - - - - - - - -
- - nout - pointer to output stream
*1
extern FILE *nout;

/* - Structured Variable(s) - - - - - - - - - - - - - - - - - - - - - -
- - ptrmtl - pointer to linked list for a specific material
- - ptr-ml - pointer to material usage list
*1

11 material *ptr mtl;
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usage list *ptr ml;
/* - Compute Coordinates for Blade Generation - - - - *-

zbmi - ztmi-cblength;
por - atid/2;
ator - atod/2;
xcorn - cbspan-wsthick;
tfs - xcorn-trspan;
acmax - (tfs/((float)(ntube/4)))+trspan;
xO - (acmax+trspan)/2;
xambig - trspan+( ((float)(ntube/4))-O.5)*(acmax-trspan);

/* - Create Blade Model in MCNP - - - - - - - - - - - - - - - - - - -
/* - Absorber - - - - - - - - - - - - - - - - - - - - - - - - - - - -*
/* - Cells */

int len - 6 , length;
length - mchar(&len,cbpmat);
cbpmattlength - \0';

search usage list(l,cbpmat,&index,ptr material usage);
ptr mtl - material match(ptr core mtls, cbpmat,&density,L&nentries);
if(index -- OH

(*nmaterial) ++;-
ptriml - ptr material-usage;
while(ptr ml->next !- NULL) ptr-ml - ptr ml->next;
index - (ptriml->index)+l;
ptr ml - load usage list(cbpmat,index,ptr ml);)

else
n entries - 0;

strcpy(label,"Boron Carbide in Reference Absorber Tube");
(*nuniverse)++;
uar *nuniverse;
add cell(label,cbpmat,luB,ncell,index,-density,nuniverse);

/* - Surfaces */
strcpy(label,"Outer Radius of Absorber");
strcpy(mnemonic, "c/z');
sprintf(value,"%10.4E %l0.4E %l0.4E",xO,rzero,por);
index -1;
add surface(O,label,mnemonic,luB,lu9,&index,valueptr surface usage
,nsurface);

fprintf(lu8,"\n imp:n-l.O u- %i\n",*nuniverse);
/* - Materials */
if(n entries !- 0)

add material(lulO,nmaterial,cbpmat,n entries,ptr mtl);
rollup-llm(ptr mtl);
n entries - O;)

/* - Absorber Tube - - - - - - - - - - - - - - - - - - - - - - - - - -
/* - Cells */

int len - 6 , length;
length - mchar(&len,atmat);
atmattlength) - '\0';

search usage list(l,atmat,&index,ptr material usage);
ptr imtl - material match(ptr coremtls,atmat,&density,6n entries);
if(index -m Of

(*nmaterial)++;
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ptr ml - ptr material-usage;
while(ptrml->next !- NULL) ptr ml - ptr ml->next;
index - (ptr ml->index)+l;
ptr ml - load usagelist(cbpmat,index,ptr ml);}

else
n entries - 0;

strcpy(label,"Reference Absorber Tube");
add cell(label,cbpmat,lu8,ncell,index,-density,nuniverse);

- Surfaces 1
strcpy(label,"Outer Radius of Absorber Tube");
strcpy(mnemonic, "c/z");
sprintf(value,"%10.4E %10.4E %l0.4E",xO,xrzero,ator);
index - -1;
add surface(O,label,mnemonic,lu8,1u9,&index,valueptr surface usage
,nsurface),
strcpy(label,"Outer Radius of Absorber");
search surface usage list(l,label,&index, "","",N"
,ptr surfaceusage);

if(index -- 0)1
lines(3);
fprintf(nout, "o*** F a t a I E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(lout," Surface Not Found in Linked List label -");

fprintf(nout," ts\n",label);
aborto0;)

add surface(l,label,"", lu8,1u9,&index, n",ptr surface usage
,nsurface);

fprintf(lu8, "\n imp:n-l.0 u- %i\nH,*nuniverse);
t* - Materials */
if(n entries !- 0)
{ add material(lulO,nmaterial,atmat,n entries,ptr mtl);
rollup llm(ptr-mtl);
n entries - 0;)

/*- Water Outside of Reference Absorber Tube - - - - - - - - - - - -*
/* - Cells *J
strcpy(label,"Bypass Water");
search usage list(l,label,&index,ptr material usage);
if(index -- 0H
lines(3);
fprintf(nout,*O*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(nout," Material Not Found in Linked List label i");

fprintf(nout," ts\n",label);
aborto0;)

strcpy(label,"Water Outside Reference Absorber Tube");
add cell(label,"Bypass Water",luB,ncell,index,-bypass density
,nuniverse);

/* - Surfaces */
strepy(label,"Outer Radius of Absorber Tube");
search surface usage list(l,label, &index,"","",""
,ptr surface usage);

if(index mm O)(
lines(3);
fprintf(nout,?O*** F a t a 1 E r r o r *** Function");
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fprintf(nout,n build'control blade --\n");
fprintf(nout," Surface Not Found in Linked List label -");
fprintf(nout," ns\n",label);
aborto1;}

add surface(l,label, "", u8, lu9, index,"",ptr surface usage
,nsurface);

fprintf(lu8,"\n imp:n-l.O u- %i\n",*nuniverse);
/* - Materials */
/* - Bypass Water should already exist as a material */
t* - Window for Reference Absorber Tube - - - - - - - - - - - - - - -*
/* - Cells */

(*nuniverse)++;
us - *nuniverse;
strcpy(label,"Bypass Water");
search usage list(l,label,&index,ptr material usage);
if(index - 0H

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(nout," Material Not Found in Linked List label -");
fprintf(nout," ts\n",label);
abort();?

strcpy(label,'Window for Reference Absorber Tube Cell");
add cell(label,"Bypass Water",lu8,ncell,index,-bypass density
,nuniverse);

crat - *ncell;
/* - Surfaces */

strcpy(label,"XMAX for Reference Absorber Tube Cell");
strcpy(mnemonic, "px");
sprintf(value,"%lO.4E*,acmax);
index - -1;
add surface(O,label,mnemonic,lu8,lu9,&index,valueptr surface usage
,nsurface);

strcpy(label,"XMIN for Reference Absorber Tube Cell");
strcpy(mnemonic, "px");
sprintf(value,"lO.4E",trspan);
index - 1;
add surface(O,labelmnemonic,lu8,lu9,&index,valueptr surface usage
,nsurface);

strcpy(label,"YMAX for Reference Absorber Tube Cell");
strcpy(mnemonic,f"py");
sprintf(value,"%10.4E",(trthick/2));
index - -1;
add surface(O,label,mnemonic,lu8,lu9,&index,value,ptrsurface usage
,nsurface);
strcpy(label,"YMIN for Reference Absorber Tube Cell");
strcpy(mnemonic,"py");
sprintf(value,"%lO.4E",(-trthick/2));
index - l;
add surface(O,label,mnemonic,luB,lu9,sindex,valueptr surface usage
,nsurface);
fprintfCluS
,"\n imp:n-l.0 u- %i lat- 1 fill- 0:%i 0:0 0:0 %i %ir li\n"
,*nuniverse,(ntube/4),uar,((ntube/4)-1),*nuniverse);
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/* - Materials */
/* - Bypass water should already exist as a material */
/* - Tie Rod - - - - - - - - - - - - - - - - -
/* - Cells */

(*nuniverse) ++;
ublade - *nuniverse;
I int len - 6 , length;
length - mchar(&len,cbtrmat);
cbtrmat[lengthl - '\0';

strcpy(label,cbtrmat);
search usage list(1,label,&index,ptr material usage);
ptr mtl - material match(ptr core mtls,cbtrmat,&density,&n entries);
if(index -- 0)H

(*nmaterial)++;
ptr ml - ptr material usage;
while(ptr m1->next 1- NULL) ptr-ml - ptr ml->next;
index - (ptr ml->index)+l;
ptr ml - load usage list(cbpmat,index,ptr ml);?

else
n entries - 0;

strcpy(label,"Tie Rod");
add cell(label,cbtrmat,lu8,ncell,index,-density
,nuniverse);

ctr - *ncell;
/* - Surfaces */
fprintf(lu8," C");
strcpyflabel,"Tie Rod Surface #6");
strcpy(mnemonic,"py");
sprintf(value,"%20.4E",((trthick+wsthick)/2));
index - -1;
add surface(O,label,mnemonic,lu8,1u9,&index,valueptr surface usage
,nsurface);

strcpy(label,"Tie Rod Surface 17");
strcpy(mnemonic, "py");
sprintf(value,"%10.4E", (-(trthick~wsthick)/2));
index - 1;
add surface(O,label,mnemonic,lu8,1u9,&index,valueptr surface usage
,nsurface);

strcpy(label,"XMIN for Reference Absorber Tube Cell");
search surface usage list(l,label,&index,"","","w
,ptr Surface usage);

index - -index;
add surface(l,label,"",n 1u8, 1u9, &index,"",ptr surface usage

,nsurface);
strcpy(label,"Tie Rod Surface #4");

strcpy(mnemonic,Opx");
sprintf(value, %10.4E",(-trspan));
index - 1;
add surface(O,label,mnemonic,lu8,1u9, index,valueptr surface usage
,nsurface);

strcpy(label,"Top of Absorber Column");
strcpy(mnemonic, "pz");
sprintf(value,"%10.4E1,ztmi);
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index - -1;
add surface(OlabelmnemonicluSlu9,&indexvalueptr surface usage
,nsurface);

strcpy(label,"Bottom of Absorber Column");
strcpy(mnemonic, "pz");
sprintf(value,"%10.4E",zbmi);
index - 1;
add surface(0,label,mnemonic,lu8,lu9,&index,valueptr surface usage
,nsurface);
fprintf(lu8,"): (");
strcpy(label,"Tie Rod Surface #3");
strcpy(mnemonic,*px");
sprintf(value,"%10.4E",(-(trthick+wsthick)/2));
index - 1;
add surface(0,label,mnemonic,luB,lu9,&index,valueptr surface usage
,nsurface);

strcpy(label,"Tie Rod Surface #2"1);
strcpy(mnemonic,"px");
sprintf(value,"%l0.4E",((trthick+wsthick)/2));
index - -1;
add surface(0,label,mnemonic,1u8,1u9,Lindex,valueptrsurface usage
,nsurface);

strcpy(label,"Tie Rod Surface 15");
strcpy(mnemonic,"py");
sprintf(value,"%10.4E",(-trspan));
index - 1;
add surface(0,label,mnemonic,lu8,1u9,&index,valueptr surface usage
,nsurface);

strcpy(label,"Tie Rod Surface 18");
strcpy(mnemonic,"py");
sprintf(value,"%10.4E",trspan);
index - -1;
add surface(0,label,mnemonic,lu8,lu9,&index,valueptr surface usage
,nsurface);

strcpy(label,"Top of Absorber Column");
search surface usage_list(1,label,&index,"","",""
,ptrsurface usage);

if(index -- 0){
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(lout," Surface Not Found in Linked List label -");
fprintf(nout," Us\n",label);
abort();)

index - -index;
add surface(l,label,"n, luB,1u9,&index,"",ptr surface usage
,nsurface);

strcpy(label,"Bottom of Absorber Column");
search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if(index -- 671
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout,n build control blade --\n");
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fprintf(nout," Surface Not Found in Linked List label =");

fprintf(nout," ts\n",label);
aborto ,)

add surface(l,label,"",lue, 1u9,index,"",ptr surface usage
,nsurface);

fprintf(luB,")");
fprintf(lu8,"\n imp:n-l.O u- %i\n",*nuniverse);

/* - Materials */
ifln entries I- 0)
add material(lulO,nmaterial,atmat,nentries,ptr mtl);
rollup-lim(ptr mtl);
n entries - 0;)

/* - Control Blade Sheath - - - - - - - - - - - - - - - - - -… /
/* - Cells */

(*nuniverse)++;
uwing - *nuniverset
{ int len - 6 , length:
length - mchar(&len,cbsmat);
cbsmat[lengthl - '\0';

strcpy(label,cbsmat);
search usagelist(l,label,&index,ptr material usage);
ptr mtl - material match(ptr core mtls,cbsmat,&density,&n entries);
if(index -- OH

(*nmaterial)4+;
ptr ml - ptr material usage;
while{ptr ml->next !- NULL) ptr-ml - ptr ml->next;
index - (ptr ml->index)+l;
ptr ml - load usage list(cbpmat,index,ptr ml);)

else
n entries - 0;

strcpy(label,"Control Blade Sheath");
add cell(label,cbsmat,luB,ncell,index,-density
,&us);

cs - *ncell;
/* - Surfaces */

fprintf(luB," (");
strcpy(label,"XMIN for Reference Absorber Tube Cell");
search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if(index -- 0)1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(nout," Surface Not Found in Linked List label -");
fprintf(nout," %s\n",label);
aborto0;)

add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

strcpy(label,"Ambiguity Surface for Sheath Corner");
strcpy(mnemonic,"px");
sprintf(value,"%l0.4E",xambig);
index - -1;
add surface(O,label,mnremonic,luB,1u9,&index,value,ptr surface usage
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,nsurface);
strcpy(label,"YMAX for Reference Absorber Tube Cell");
search surface usage list(l,label,&index, ",9","U 9

,ptr surface usage);
if(index -- O)H
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintftnout," build control blade --\n");
fprintf(lout," Surface Not Found in Linked List label -");
fprintf(nout," ts\n",label);
abort();l

add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

strcpy(label,"Tie Rod Surface #6*);
search surface usage list(l,label,&index,"","",""
,ptr surface usage);

iflindex -- 07=
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout,' build control-blade --\n");
fprintf(nout," Surface Not Found in Linked List label -w);
fprintf(nout," %s\n",label);
abortol;)

index - -index;
add surface(l,label,"",luB,1u9,&index,"",ptr surface usage
,nsurface);

strcpy~label,"Top of Absorber Column");
search surface usage list(l,label,&index,"","",""
,ptr surfaceusage);

if(index - °)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintflnout," build control blade --\n");
fprintf(nout," Surface Not Found in Linked List label _");
fprintf(nout," %s\n",label);
aborto0;)

index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptrsurface usage
,nsurface);

strcpy(label,"Bottom of Absorber Column");
search surface usage list(l,label,&index,""," ,"
,ptr surface usage);

iflindex - O)(
lines(3);
fprintf(nout,"lO*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\nw);
fprintf(nout," Surface Not Found in Linked List label -");
fprintf(nout," %s\n",label);
abort();)

add surface(l,label,"",lu8,1u9, Lindex,"",ptr surface usage
,nsurface);

fprintf (1u8,"): (");
strcpy(label,"XMIN for Reference Absorber Tube Cell");
searchsurface usage list(l,label, &index,"","",""
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,ptr surface usage);
if(index -- 0)1

lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(nout,n Surface Not Found in Linked List label -"1;
fprintf(nout," %s\n",label);
aborto0;)

add surface(l,label,"",lu8,lu9,&index,"",ptr surface usage
,nsurface);

strcpy(label,"Ambiguity Surface for Sheath Corner");
search surface usage list(l,label,&index,","","W
,ptr surface usage);

if(index -- 0)I
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintflnout," build control blade --\nw);
fprintf(nout," Surface Not Found in Linked List label -1);
fprintf(nout," ts\n",label);
abortO(;O -

index - -index;
add surface(l,label, ",lu8,lu9,&index,n",ptr surface usage
,nsurface);

strcpy(label,"YMIN for Reference Absorber Tube Cell");
search surface usage list(l,label,&index,"", if H, t

,ptr surface usage);
if(index -- 0){
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(lout," build control blade --\n");
fprintf(nout," Surface Not Found in Linked List label -");
fprintf(nout,n %.s\n1,label);
aborto0;)

index - -index;
add surface(l,label, ",luB,lu9,&index, "",ptr surface usage
,nsurface);

strcpy(label,"Tie Rod Surface #7");
search surface usage list(l,label, index,"i,""ifn
,ptrr surface usage);

if(index -- )I
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r * Function");
fprintf(nout," build control blade --\n");
fprintf(nout," Surface Not Found in Linked List label i");

fprintf(nout," %s\n",label);
aborto0;)

addsurface(l,label, "",lu8,lu9, &index,"nptr surface usage
,nsurface);

strcpy(label,"Top of Absorber Column");
search surface usage list(l,label,&index, 9", "",""

,ptr surfaceusage);
if(index -- 0)I

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
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fprintf(nout," build control blade --\n");
fprintf(nout," Surface Not Found in Linked List label ");
fprintf(nout," ss\n",label);
abort();}

index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

strcpy(label,"Bottom of Absorber Column");
search surface usage list(1,label,&index,"","",""
,ptr surface usage);

if(index -- 0){
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintffnout," build control blade --\n");
fprintflnout," Surface Not Found in Linked List label -");

fprintf(nout," %s\n',label);
abort();)

add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8,"):\n
strcpy(label,"Ambiguity Surface for Sheath Corner");
search surface usage list(l,label,&index," ,"",""
,ptr surface usage);

if(index - o)j
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r ** Function"):
fprintf(nout," build control blade --\n");
fprintf(nout," Surface Not Found in Linked List label N);

fprintf(nout," %s\n*,label);
abort();:

add surface(1,label,"",1u8,1u9,&index,"",ptr surface usage
,nsurface);

strcpy(label,"Inner Surface for Sheath Corner");
strcpy(mnemonic,"c/z");
sprintf(value,"%10.4E %10.4E %10.4E",xambig,rzero,(trthick/2));
index - 1;
add surface(0,label,mnemonic,1u8,1u9,&index,valueptr surface usage
,nsurface);

strcpy(label,"Outer Surface for Sheath Corner");
strcpy(mnemonic,"c/z");
sprintf(value,"%l0.4E %10.4E %10.4E",xambig,rzero,((trthick+wsthick)/2));
index - -1;
add surface(0,label,mnemonic,lu8,1u9,&index,valueptr surface usage
,nsurface);

strcpy(label,'Top of Absorber Column");
search surface usage list(l,label,&index,"","", ,"@
,ptr surface usage);

if(index - 0)f
lines (3):
fprintf(nout,"0'** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintffnout," Surface Not Found in Linked List label -");
fprintf(nout," %s\n",label);
aborto);)
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index - -index;
add surface(l,label,"",nlu8 lu9, &index, n"',ptr surface-usage
,nsurface);

strcpy(label,"Bottom of Absorber Column");
search surface usage list(l,label,&index, " . .
,ptr surface_usage);
if(index -- 0)l

lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(lout,w build control blade --\n");
fprintf(nout,T Surface Not Found in Linked List label _n);

fprintf(nout," %s\n",label);
aborto0;)

add surface(l,label,"",lu8,1u9,&index,"n,ptr surface usage
,nsurface);

fprintf(luB," )M);
fprintf(lu8,"\n imp:n-l.0 u- %i\n",uwing);

/* - Materials */
if(n entries !- 0)
I add material(lulO, nmaterial,atmat,n entries,ptr mtl);
rollup-llm(ptr mtl);
n entries - 0;)

/* - Inside of Control Blade Sheath *f
/* - Cell */

strcpy(label,"Bypass Water");
search usagelist(l,label, index,ptr materialusage):
if(index -- 0)(
lines(3);
fprintflnout,"O*** F a t a 1 E r r o r *** Function");
fprintf(lout," build control blade --\n");
fprintf(lout," Material Not Found in Linked List label -");

fprintf(nout," %s\n",label);
abortl);)

strcpy(label,"Inside of Blade Wing");
add cell(label,"Bypass Water", lu8 ncell,index,-bypassdensity
,&uwing);

cis - *ncell;
/* - Surfaces */
fprintf(luB, n");

strcpy(label,"XMIN for Sheath Interior");
strcpy(mnemonic, px");
sprintf(value,"%l0.4f, (trspan+0.00l));
index - 1;
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

strcpy(label,"YMIN for Sheath Interior");
strcpy(mnemonic,*py");
sprintf(value,"%10.4f",(-(trthick/2)+0.001));
index - 1;
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

strcpy(label,"YMAX for Sheath Interior*);
strcpy(mnemonic,wpy");
sprintf(value, "%10.4f", ((trthick/2)-0.001));
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index - -1;
add surface(O,label,mnemoniclu8,lu9,&indexvalue
,ptr surface usage,nsurface);

strcpy(label,"Ambiguity Surface for Sheath Corner");
search surface usage list(l,label,&index,"" , nl "H

,ptr surface usage):
if(index -- 07(

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(nout," Surface Not Found in Linked List label -");

fprintf(nout," ts\n",label);
abort();)

index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

strcpy(label,"Top of Absorber Column");
search surface usage list(l,label,&index,"","",n"
,ptr surface usage);

if (index - (
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(nout," Surface Not Found in Linked List label -"):

fprintf(nout," ts\n",label);
aborto0;)

index - -index;
add surface(llabel,"",luB,lu9,&index, "nptr surface usage
,nsurface);

strcpy(label,"Bottom of Absorber Column");
search surface usage list(l,label,&index, "",",""

,ptr ourface usage);
if(index -- 07l

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(nout," Surface Not Found in Linked List label _");
fprintf~nout," ts\nw,label);
abort0;)

add surface(l,label,"",lu6,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(luS," ):( ");
strcpy(label,"Inner Surface for Sheath Corner");
search surface usage list(l,liabel,&index,"", "","N
,ptr surface usage);

if(index - 07i
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r Function");
fprintf(nout," build control blade --\n");
fprintf(nout," Surface Not Found in Linked List label -i");
fprintflnout," ts\n" label);
abortl0;}

index - -index;
add surface(l,label, ",lu8,1u9,&index,"",ptr surface usage
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,nsurface);
strcpy(label,"Top of Absorber Column");
search surface usage list(llabel,&index, "","",""
,ptr surface usage);

if(index -- 0)l
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(nout," Surface Not Found in Linked List label -");

fprintf(nout," %s\n",label);
abort();)

index - -index;
add surface(l,label, ",lu8,1u9,&index,"",ptr surface usage
,nsurface);

strcpy(label,"Bottom of Absorber Column");
search surface usage list(llabel,&index,"g,ff,ff
,ptr surface usage);

if(index - 0)1
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(nout," Surface Not Found in Linked List label -');
fprintf(nout," Ss\n",label);
aborto0;)

add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(2u8," )\n");
fprintf(lu8," u- ti fill- ti imp:n- 1.0\n",uwing,us);

/* - Region Outside of Blade Wing */
/* - Cell */
strcpy(label,"Bypass Water*);
search usage list(1,label,&index,ptr material usage);
if (index - 0)S
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(nout," Material Not Found in Linked List label -');
fprintf(nout," ts\n",label);
aborto0)

strcpy(label,"Region Outside of Blade Wing");
add cell(label,"Bypass Water",lu8,ncell,index,-bypass density
,&uwing);

/* - Surfaces */
fprintf(lu8," *%i fi",cs,cis);
fprintftlu8,1\n imp:n-1.0 'u- %i\n",uwing);
sprintf(buffer," #%i 1%i",cscis);
bufferpad(buffer,strlen(buffer),59);
ptr buf - buffer+59*sizeof(char);
sprintf(ptr buf,"Definition formed by Complement Function\n");
lines(l);
fprintf(nout,buffer);

/* - Window for Wing of Blade */
/* - Cell */
strcpy(label,"Bypass Water");
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search usage list(l,label,&index,ptr materialyusage);
if(index -- 0)(
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control-blade --\n");
fprintf(lout," Material Not Found in Linked List label '");

fprintf(lout," %s\n",label);
aborto0;)

strcpy(label:"Window for Wing of Blade");
add cellllabel,"Bypass Water",lu8,ncell tr,index,-bypass density
,nuniverse);

cbw - *ncell tr;
/* - Surfaces */
strcpy(label,"XMIN for Blade Window");
strcpy(mnemonic, "px");
sprintf(value,"%l0.4E",(trspan+0.O1));
index - 1;
add surface(O,label,mnemonic,lu8.1u9,&index,valueptrsurface usage
,nsurface);

strcpy(label,"XMAX for Blade Window");
strcpy(mnemonic, px");
sprintf(value,"%lO.4E",(cbspan+0.01));
index - -1;
add surface(O,label,mnemonic,lu8,$u9,&index,value,ptrsurface usage
,nsurface);

strcpy(label,"YHIN for Blade Window");
strcpy(mnemonic,"py");
sprintf(value,"%10.4E",l(-(trthick+wsthick+0.01)));
index - 1;
add surface(O,label,mnemonic,luB,1u9,&index,valueptr surface usage
,nsurface);

strcpy(label,"YMAX for Blade Window");
strcpy(mnemonic, "py");
sprintf(value,"%10.4E",(trthick+wsthick+0.01));
index - -1;
add surface(O,label,mnemonic,luB,1u9,&index,valueptr surface usage
,nsurface);

fprintf(1u8," fill- li",uwing);
fprintf(lu8,"\n imp:n-1.0 u- %i\n",ublade);
lines(l);
fprintf(nout," Filling Universe - %i\n",uwing);

/* - Materials */
/* - Bypass Water should already exist as a material -
/* - Wing Cloned to North Position - - - - - - - - - - - - - - - - -*
/* - Cell */

(*ncell tr)++;
ccbn - *ncell tr;
strcpy(label,"Wing Cloned to North Position");
fprintfllu8,"c %s\n",label);
fprintfCluB,"%5i",*ncell tr);
fprintf(lu8," like ti but",cbw);
fprintf(lu8

," *trcl-( 0 0 0 90 0 90 180 90 90 90 90 0)\n");
fprintf(1lu8," u- %i\n",ublade);
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sprintf(buffer," %5i", *ncell tr);
bufferpad(buffer,strien(buffer), 59);
ptr buf - buffer+59*sizeof(char);
sprintf(ptr buf,"%s\n",label);
lines(2);
fprintf(nout,buffer);
fprintf(nout," Cloning Directive:");
fprintf(nout," like Si but",cbw);
fprintf(nout

, *trcl-( 0 0 0 90 0 90 180 90 90 90 90 0)\n");
/* - Ning Cloned to West Position - - - - - - - - - -… - -…-
/* - Cell */

(*ncell tr)++;
ccbw - *ncell tr;
strcpy(label,7Wing Cloned to West Position");
fprintf(1u8,f"c %s\n",label);
fprintf(lu8,"%5i'1,*ncel1 tr);
fprintf(lu8," like Si but",cbw);
fprintf lu8

,w *trcl-( 0 0 0 180 90 90 -90 180 90 90 90 0)\n");
fprintf(lu8," u- %i\n",ublade);
sprintf(buffer," %5i",*ncell tr);
bufferpad(buffer,strlen(buffer),59);
ptr buf - buffer+59*sizeof(char);
sprintf(ptr buf,"%s\n",label);
lines(2);
fprintf(nout,buffer);
fprintf(nout," Cloning Directive:");
fprintf(nout," like Ii but",cbw);
fprintf(nout

, *trcl-( 0 0 0 180 90 90 -90 160 90 90 90 0)\n");
/* - Wing Cloned to South Position - - - - - - - - - - - - - - - - -*
/* - Cell */

(*ncell tr)++;
ccbs - *ncell tr;
strcpy(label,"Wing Cloned to South Position");
fprintf(lu8,"c Is\n",label);
fprintf(lu8, "%5i" *ncell tr);
fprintf(lu8," like Ui but",cbw);
fprintf lu8

," *trcl-( 0 0 0 -90 180 90 0 -90 90 90 90 0)\n");
fprintf(lu8," u- %i\n",ublade);
sprintf(buffer," %5i",*ncell tr);
bufferpad(buffer,strlen(buffer), 59);
ptr buf - buffer+59*sizeof(char);
sprintf(ptr buf, "ts\n",label);
lines(2);
fprintf(nout,buffer);
fprintf(nout," Cloning Directive:");
fprintf(nout," like Ui but",cbw);
fprintf(nout

," *trcl-( 0 0 0 -90 180 90 0 -90 90 90 90 0)\n");
/* - Region Outside of Blade - - - - - - - - - - - - - - - - - - - - *
/* - Cell */
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strcpy(label,"Bypass Water");
search usage listl(,label,&index,ptr material usage);
if(index -_ O)l

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control blade --\n");
fprintf(nout," Material Not Found in Linked List label -");
fprintf(nout," %s\n",label);
aborto;) -

strcpy(label,"Region Outside of Blade");
add cell(label,"Bypass Water",luB,ncell,index,-bypass density
,&ublade);

J* - Surfaces */
fprintf(lu8," Iii *%i ii IBi Ii",ctr,cbw,ccbn,ccbw,ccbs);
fprintf(lu8,"\n imp:n-l.0 u- %i\n",ublade);
sprintf(buffer," #Si #%i 1%i #%i #%i",ctr,cbw,ccbn,ccbw
,ccbs);

bufferpad(buffer,strlen(buffer),59);
ptr buf.- buffer+59*sizeof(char);
sprintf(ptr buf,"Definition formed by Complement Function\n");
linesl();
fprintf(nout,buffer);
*ucb - ublade;

Function buflcdcontroLcells

Uinclude cstdio *h
#include <string.h>
#include <math.h>

typedef char ascii string[13
typedef struct ascii record(

typedef struct s materiall
s

i
i

c

)

typedef struct u list{
struc
int i
ascii
struc

) usage

typedef struct su-listI

struct ascii record *last;
ascii string line;
struct ascii record *next;
I a record;

struct a material *last;
int atomic number;
int mass number;
'loat weight_percentage;
bar library suffix(51;
truct s material *next;
11material;

t u list *last;
ndex;
L.string label;
t u list *next;
-list;

struct su-list *last;
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int index;
ascii string label;
ascii string value;
char mnemonic(4];
ascii string equivalent label;
struct su list *next;
surface usagelist;

void add cell(chart],chart],FILE *,int *,int,float,int ');
void add surface(int,charf],chart],FILE *,FILE ,int *
,char[j,surface usage list *,int *1;

usage list *load usage list(char(),int,usage list *);
surface usagelist *load surface list(char(l,int,char[J
,char[T,char(J,surface usage list *);

void search usage list(int,charj),int *,usage list *);
void search surface usage list(int,char([,int *,char[)
,char[],charl],surface usage list *);

void bufferpadfchar[l,int,int);
11 material *material match(a record *,char( ,float ,int *);
void add material(FILE *,int *,charol,int,llmaterial *);
int *memory integer(intintint *);
void abort ;
void lines(int.);
int mchar(int *,char());

void build control cells(int *ncell,int *nuniverse,int ncolcc
,int nrowcc,int *ccmap,int *ccmapw,int ncc,FILE *lu8,FILE *lu9
,float blade window offset,surface usage list *ptr surface usage
,float apitch,int ucb,float cbspan,float cb stroke,char migt[]
,usage list *ptr material usage,a record *ptrcore-mtls
,int *nmaterial,int *ptr ufa,FILE *lulO,float bypass density
,float dtid,float dtod,int nu cc,int *fau fill,int *nsurface)(

- - * b u i l d c o n t r o 1 c e l 1 s * creates universes for
unique control cells

- - Argument(s):
- - ncell - Number of Cells in MCNP Model (input)
- - nuniverse - Number of "Universes" in MCNP Model (input)
- -. ncolcc - Number of Columns in Control Cell Map (input)
- - nrowcc -.Number of Rows in Control Cell Map (input)
- - ccmap - Map of Control Cell Universe Numbers (input)
- - ccmapw - Map Containing Contents of each Control Cell (input)
- - ncc - Number of Unique Control Cells (input)
- - luB - Stream Pointer for Scratch File for Cell Def- (input)
- - initions
- - lu9 - Stream Pointer for Scratch File for Surface (input)
- - Definitions
- - blade window offset
- - - sizing of windows for control blades and fuel (input)
- - assemblies in control cell template
- - ptr surface usage
- - - linked list for surfaces that have already (input)
- - been defined
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apitch - assembly pitch
ucb - control blade universe

cbspan - control blade wing span (cm)
cb stroke - control blade stroke (cm)

migt - guide tube material
ptr material usage

- linked list for materials that have already
been defined

ptr core mtlg

nmaterial -
ptr_ufa -

linked list for core materials
number of material definitions
vector of MNCP "universes" assigned to each

(input)
(input)
(input)
(input)
(input)

(input)

(input)
(input)
(input)

(input)

(input)
(input)
(input)
(input)

(output)

fuel assembly
lulO - Stream Pointer for Scratch File for Material

Definitions
bypass density

- density for water in bypass
dtid - inner diameter of guide tube (cm)
dtod - outer diameter of guide tube (cm)
nu-cc - "universe" index for first control cell

fau fill - array providing fuel assembly universe num-
bers filling each unique control cell uni-
verse

Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- Integer Variable(s)

i

n
index

ptr map
ptr-mapw

pcc

loop variable for columns in map
loop variable for rows in map
utility loop variable
index for cells and surfaces
pointer to ccmap array
pointer to ccmapw array
pointer to list of unique control cells to track whether
they have already been defined
rotating pointer for pcc
number of entries in material definition linked list

*/

_ pc -
- n entries -

short int i,j,n;
int index, n entries;
int *ptr map - ccmap, *ptr mapw - ccmapw;
int *pcc, *pc;

/* - Float Variable(s)
- - density - material density
- - delta - distance from maximum radial extent of curved corner
- - of fuel assembly window to edge of window
- - delta 0 - offset for fuel assembly box from control cell
- - boundary
- - R - radius of curved corner of fuel assembly window
- - Xc - x-coordinate of cylinder defining curved corner of
- - fuel assembly window
- - Yc - Y-coordinate of cylinder defining curved corner of
- - fuel assembly window

*1
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float density, delta, delta 0 - 0.1, R, Xc, Yc;
/* - Character Variable(s)

- - label - label for cells and surfaces
- - material - label for material
- - mnemonic - MCNP surface mnemonic
- - value - surface definition vector
- - buffer - string variable for output management
- - ptr buf - pointer to buffer

*/
char mnemonic(4J;
char. *ptr buf;
ascii string label, material, value, buffer;

/* - FILE Variable(s)
--nout - stream pointer to output file

*/
extern FILE *nout;

/* - Structured Variable(s)
- - ptr mtl - pointer to linked list for a specific material
- - ptr ml - pointer to material usage list

*/
11 material *ptr mtl;
usage list *ptr ml;

/* - Fix Up Guide Tube Material Definition for FORTRAN processing - -

I int len - 6, length;
length - mchar(&len,migt);
migttlength) - '\0';

/* - Compute coordinates for curved corner of fuel assembly window - - *1
delta - -delta 0+(sqrt(2.0)/2.0)*((dtod/2)+delta 0);

/* - 2.4142 is equivalent to tand(67.5) */
R - sqrt(2.0)*delta*2.4142;
Xc - (apitch - delta 0) - R;
Yc - -(apitch - delta 0) + R;

/* - Set Up Tracking for Control Cell Creation - - - - - - - - - - - -*
pcc - memory integer(1,ncc,pcc);

/* - Sweep Over Map - - - - - - - - - - - - - - - - - - - - - - - - -*
for(j - 1;j <- ncolcc;j++)(

for(i - 1;i <- nrowcc;i++,ptr map++)(
/* - Check for Null Control Cell */

if(*ptr map -- 0H
for(n - l;n <- 6;n++) ptr mapw++;
continue;)

pc - pcc;
for(n - l;n < (*ptr-map-nu cc+l);n++) pc++;

/*- Check whether the Control Cell that has already been Modeled *1
if(*pc -- 1) (
for(n - l;n <- 6;n++) ptr mapw++;
continue;}

*pc - 1; (*nuniverse)++;
/*- Build Components of Control Cell and Fill Appropriately - - - - -*
/* - Fuel Assembly in Northwest Quadrant 'I
/* - Cell */

sprintf(label,"Fuel Assembly in Northwest Quadrant, CCi"
*ptr map);
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strcpy(materialo'Bypass Water");
search usage_list(l,material,&index,ptr material usage);
if(index - 0)1

lines(3);
fprintf(nout,"O*** F a t a.l E r r o r *** Function");
fprintflnout," build controlcells --\n");
fprintf(nout," Material not found in Usage List, label ts'
,material);

aborto0;)
add cell(label,material,lu8,ncell,index,-bypass density
,nuniverse);

/* - Surfaces 1/
fprintf(lu8," (C"1);
sprintf(label,"Window for Fuel Assembly (max X), CCi"
,*ptr map);

search surface usage list(l,label,&index,'","',"
,ptr surface usage);

if(index -- OH
strcpy(mnemonic,'px");
sprintf(value,"'10.4E",(apitch-0.1));
index - -1;
add surface(O,label,mnemonic,1u6,1u9,&index,value
,ptr surface usage,nsurface);)

elsel
index - -1;
add surface(l,label, ", lu8,1u9,&index, "nptr surface usage
,nsurface);

sprintf(label,"Window for Fuel Assembly (min X), CC%i"
*ptr map);

search surface usage list l,label,&index,"","*,"
,ptr surface usage);

if(index -- Of
strcpy(mnemonic,"px');
sprintf(value,"%10.4E',(blade window offset+0.l));
add surface(O,label,mnemonic,luB,lu9,&index,value
,ptrsurface usage,nsurface);)

else(
index - -1;
add surface(l,label, ",lu8,1u9,&index, ",ptr surface usage
,nsurface);)

sprintf(label,"Window for Fuel Assembly (max Y), CCi"
,*ptr-map);

search surface usage list(l,label,&index,"',"",""
,ptr surface usage);

if(index -- OH
strcpy(mnemonic,"py");
sprintf'(value,"%10.4E",-(blade window offset+0.l));
index - -1; I
add surface(O,label,mnemonic,1u8,1u9,&index,value
,ptr surface usage,nsurface);}

else(
index - -1;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);}
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sprintf(label,"Window for Fuel Assembly (min Y), CC%i"
,*ptr map);

search surface usagelist(l,label,&index,"n, tn *in

,ptr surface usage);
if(index -- 0)1

strcpy(mnemonic, py");
sprintf(value,"%10.4E",-(apitch-O.l));
add surface(O,label,mnemonic,luB,1u9, index,value
,ptr surface usage,nsurface);)

else{
add surface(l,label,"",lu8,lu9,&index, "",ptr surface usage
,nsurface);

fprintf(lu8," )\n M ;
sprintf(label,"Window for Fuel Assembly (max X), CCif,*ptr map);
search surface usage list(l,label,&index,""," n nt

,ptr surface usage);
if(index - 0H
lines(3);
fprintf(nout,"*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control cells --\n");
fprintf(nout," Surface not Found in Usage List, label - %s"
,label);

aborto0;)
index - -index;
add surface(l,label,"iluB,lu9,&index, n,ptr surface usage
,nsurface);

sprintf(label,"Window for Fuel Assembly (min Y), CC%in ,*ptr map);
search surface usagelist(l,label,&index, "","","I
,ptrsurfaceusage);

if(index -- QH
lines(3);
fprintf(nout,"*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control cells --\n");
fprintf(nout," Surface not Found in Usage List, label - is"
,label);

aborto0;)
add surface(l,label,"",lu8,1u9,&index," ptr surface usage

,nsurface);
sprintf(label,"Curved Corner in Window for Fuel Assembly, CCi"

,*ptr-map);
search surface usage list(l,label,&index,"it, nnit

,ptr surface usage);
if(index -- 0H
strcpy(mnemonic,"c/z");
sprintf(value,"%10.4E %10.4E %10.4E",Xc,Yc,R);
index - 1;
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);)

else
add surface(l,label,"nlu8,lu9,aindex,uitptr surface usage
,nsurface);

sprintf(label
,"Y Ambiguity Surface for Fuel Assembly Window, CC%i"
,*ptr-map);
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search surfaceusage_list (,label,&index, 1 nf",""'
,ptr-surfaceyusage);

if(index -- OH
strcpy(mnemonic,"py");
sprintf(value,"%10.4E",Yc);
index - -1;
add surface(O,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);}

elseI
index - -index;
add surface(l,label,"",lu8,1u9,&index,""
,ptr surface usage,nsurface);)

sprintfT(label
,"X Ambiguity Surface for Fuel Assembly Window, CCi'
*ptr map);

search surface usage list(1,label,&index,"","",""
,ptr surface usage);

if(index -- 0H
strcpy(mnemonic,"px");
sprintf(value, %10.4EM Xc);
index - 1;
add surface(O,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);)

else
add surface(l,label,"",luB,1u9,&index, I
,ptr surface usage,nsurface);

fprintflu8,I )))");
fprintf(lu8,"\n u- %i imp:n- l.O\n",*ptr map);

/*- Define Translation */
I float trans;
trans - apitch+blade window-offset:
fprintf(lu8," *trcl-( 0.0 0.0 0.0 "
;-trans,trans);
fprintf(1u8," 180 90 90 -90 180 90 90 90 0 )\n");
lines(1);
fprintf(nout," *trcl-( %10.4E %10.4E 0.0
,-trans,trans);

fprintf(nout," 180 90 90 -90 180 -90 90 90 0 )");

*- Determine Lattice with which to Fill Window 1
if(*ptr mapw !- 0)O

{ short int nn;
int *p - ptr-ufa;

1* for(nn - 1; nn < (*ptr-mapw-nu cc+l);nn++,p++) */
for(nn - 1;nn < *ptr mapw;nn++,p++)
continue;
fprintf(luB," fill- %i\n',*p);
lines(l);
fprintf(nout,"\n fill- Ui\n",*p);
*fau fill - *p;
faufill++;

elsel
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fprintf(lu8," fill- O\n");
fprintf(lout," fill- o\n");
*fau fill - 0;
fau fill++;}

ptr mapw++;
/* - Fuel Assembly in Northeast Quadrant */
/* - Cell */

sprintf(label,"Fuel Assembly in Northeast Quadrant, CCi"
*ptr map);

fprintf(1u8,"c Is\n",label);
(*ncell)++;
fprintf(lu8,"%5i like Si but",*ncell,((*ncell)-1));
lines(2);
sprintf(buffer," %5i",*ncell);
bufferpad(buffer,strlen(buffer),59);
ptr buf - buffer+59*sizeof(char);
sprintf(ptr-buf, "s, label);
fprintf(nout,"%s\n",buffer);
fprintf(nout

Cloning Directive: like %i but *trcl-( 0 0 0"
,((*ncel1)-l));

fprintf(nout," 90 0 90 180 90 90 90 90 0)\n");
if(*ptr mapw !- 0)

/* - Determine Lattice with which to Fill Window */
{ short int nn;
int p - ptr ufa;

1* forinn - 1, nn < (*ptr mapw-nu cc+l);nn++,p++) */
for(nn - l;nn < *ptr mapw;nn++,p++)
continue;
fprintf(lu8," fill- %i\n"I,*p);
lines(l);
fprintf(nout," fill- %i\n",*p);
*fau fill - *p;
fau fill++;

else(
fprintf(lu8," fill- O\n");
fprintflnout," fill- O\n");
*fau fill - 0;
fau fill++;}

fprintf (1u8
*trcl-( 0 0 0 90 0 90 180 90 90 90 90 0)\n");

fprintf(lu8," u- Ii imp:n- l.0\nsI,*ptrMap);
ptr mapw++;

t* - Fuel Assembly in Southeast Quadrant */
/* - Cell */

sprintf(label,"Fuel Assembly in Southeast Quadrant, CCi"
,*ptr map);

fprintf(lu8,"c ts\n",label);
(*ncell)++;
fprintf(lu8,"%5i like ti but1,*ncell,((*ncell)-1));
lines(2);
sprintf(buffer," %5i",*ncell);
bufferpad(buffer,strlen(buffer),59);
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ptr buf - buffer+59*sizeof(char);
sprintf(ptr buf,"%S",1abel);
fprintf(nout, "%s~n",buffer);
fprintf(nout
,"t Cloning Directive: like ti but trcl-( 0 0 O)\n"
,(*ncell)-l));

if(*ptr-mapw !- 0)
/* - Determine Lattice with which to Fill Window */

I short int nn;
*int *p - ptr ufa;

1* for(nn - 1; nn < (*ptr mapw-nu cc+l);nn++,p++) *1
for(nn - l;nn < *ptr mapw;nn++,p++)
continue;
fprintf(lu8," fill- %i\nfl,*p);
lines l);
fprintf(nout,n fill- %i\n",*p);
*fau fill - *p;
fau fill++;

)
else(

fprintf(lu8," fill- O\n');
fprintf(nout," fill- O\n");
*fau fill - 0;
fau fill++;)

fprintf(lu8
trcl-( 0 0 0 ));

fprintf(1u8," u- %i imp:n- l.0\n",*ptr map):
ptr mapw++;

/* - Fuel Assembly in Southwest Quadrant */
/* - Cell */

sprintf(label,"Fuel Assembly in Southwest Quadrant, CCi"
*ptr map);

fprintf(lu8,"c %sWn',label);
(*ncell)++;
fprintf(lu8,"%5i like ti butn,*ncell,((*ncell)-3));
lines(2);
sprintf(buffer," %5i",*ncell);
bufferpad(buffer,strlen(buffer),59);
ptr buf - buffer+59*sizeof(char);
sprintf(ptr buf,"%s',label);
fprintf(nout,"%s\n",buffer):
fprintf(nout
,u" Cloning Directive: like ti but *trcl-( 0 0 0"
,((*ncell)-2));

fprintf(nout," -90 180 90 0 -90 90 90 90 O).\n");
if(*ptr mapw !- 0){

/*- Determine Lattice with which to Fill Window */
I short int nn;

int *p - ptr ufa;
/* for(nn - 1; nn < (*ptr mapw-nu cc+l);nn++,p++) *1

for(nn - l;nn < *ptr mapw;nn++,p++)
continue;
fprintf(1u8," fill- %i\n",*p);
lines(l);
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fprintf(nout," fill- %i\n',*p);
*fau fill - P;
faufill++;

)
elsel
fprintf(lu8," fill- O\nI");
fprintf(nout," fill- 0\n");
*fau fill - 0;
fau fill++;)

fprintf luS
*trcl-( 0 0 0 -90 180 90 0 -90 90 90 90 0)");

fprintf(lu8," u- %i imp:n- l.O\n",*ptr_map);
ptr mapw++;

/* - Control Blade Window */
/* - Cell */

sprintf(label,"Blade Window, CC%i",*ptr map);
strcpy(material,"Bypass Water");
search usage list(l,material,&index,ptr material usage);
if(index -- 0H

lines(3);
fprintf(nout,"*** F a t a 1 E r r o r *** Function");
fprintf(nout," build control cells -- \n"l;
fprintflnout," Material not found in Usage List, label - ts"
,material);

aborto();
add cell(label,material,lu8,ncell,index,-bypass density,nuniverse);

/* - Surfaces */
/* - Horizontal Part of Cross */

fprintf(luB," (");
strcpy(label,"Surface 1 for Control Blade Window");
search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if(index -- 0H
strcpy(mnemonic,"py");
sprintf(value,"1O.4E",-blade window offset);
index - 1;
add surface(O,label,mnemonic,luS,1u9,&index
,value,ptr surface usage,nsurface);)

else
add surface(l,label,"",lu8,1u9,&index,"
,ptr surface usage,nsurface);

strcpy(label,"Surface 2 for Control Blade Window");
search surface usage list(l,label,&index,"","",""
,ptrsurface usage);

iflindex -- 0H
strcpy(mnemonic,"py"):
sprintf(value,"%10.4E',blade window offset);
index - -1;
add surface(O,label,mnemonic,luB,1u9,&index
,value,ptr.surface usage,nsurface);)

else{
index - -index;
add surface(l,label,"",luB,1u9,&index,""
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,ptr surface usagensurface);)
strcpy(label,"surface 3 for Control Blade Window");
searchsurface usage-list(l,label,&index,"", @2"'1
,ptr surface usage);

if(index -- 0)4
strcpy(mnemonic, "px"v);
sprintf(value,"%10.l4E",-(cbspan+0.1));
index - 1;
add surface(O,label,mnemonic,lu8,1u9,&index
,value,ptr surface usage,nsurface);)

else
add surface(l,label,",lu8,lu9,&index,""
,ptr surface usage,nsurface);

strcpy(label,"Surface 4 for Control Blade Window");
search surface usage list(l,label,&index, "","",""
,ptrsurface usage);

if(index -- 0Hl
strcpy(mnemonic, "px");
sprintf(value, "%10.4E", (cbspan+0.1));
index - -1;
add surface(O,label,mnemonic,lu8,1u9,&index
,value,ptr surface usage,nsurface);)

else(
index - -index;
add surface(l,label, "", lu8, lu9, &index,""
,ptrsurfaceusage,nsurface);}

fprintf(luS," ):(");
/*- Vertical Part of Cross */

strcpy(label,"Surface 5 for Control Blade Window");
search surface usage list(l,label,&index,"", "",""
,ptrsurface usage);

if(index -- 0)(
strcpy(mnemonic,"px");
sprintf(value,"%10. 4E", -blade window offset);
index - 1;
add surface(O,label,mnemonic,lu8,1u9, index
,value,ptr surface usage,nsurface);I

else
add surface(l,label, n",lu8,1u9,&index,""
,ptr surface usage,nsurface);

strcpy(label,-Surface 6 for Control Blade Window");
search surface usage list(l,label, &index, n, nt#n
,ptrsurfaceusage);

if(index - 0)H
strcpy(mnemonic,"px");
sprintf(value,"%10.4E",blade window offset);
index - -1;
add surface(O,labelmnemonic,luB,1u9,1index
,value,ptr surface usage,nsurface);)

else-
index - -index;
add surface(1,label,"",1u8,1u9,Lindex,"
,ptr surface usage,nsurface);)

strcpy(label,"Surface 7 for Control Blade Window");
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search_surface usage list(l,label,&index, ""I ""s""
,ptrsurface usage);

if(index -- o)4
strCpy(mnemonic,"py");
sprintf(value,"%10.4E",-(cbspan+0.1));
index - 1;
add surface(O,label,mnemonic,lu8,1u9,&index
,value,ptr surface usage,nsurface);)

else
add surface(l,label,"',lu8,1u9,&index,""
,ptr surface usage,nsurface);

strcpy(label,"Surface 8 for Control Blade Window");
search surface usage list(l,label,&index, "","", n"
,ptrsurfaceusage);

if(index -- 0)H
strcpy(mnemonic, tpy"));
sprintf(value,"%10.4E",(cbspan+0.1));
index - -1;
add surface(O,label,mnemonic,luS,1u9,&index
,value,ptr surface usage,nsurface);I

elsel
index - -index;
add surface(l,label,"",1u8,1u9,&index,""
,ptr surface usage,nsurface);}

fprintfClue, ")\n");
fprintf(lu8," u- Si imp:n- l.0\nh",*ptr map);
if(*ptr mapw >- 0){

mint notch fi-48;
float trans;
trans -
-(*ptr mapw)*(cb stroke/((float) notch fi));

fprintf lu8
fill- %i trcl-( 0.0 0.0 %10.4E )\n"

,ucb,trans);
lines(l);
fprintf(nout," fill- Si trcl- ( 0.0 0.0 %10.4E)\n"
,ucb,trans);

ptr mapw++;
/* - Guide Tube */

if(*ptr mapw !- 0)j
short int ng, ngt;
int val;
if(*ptr mapw > 9)
ngt - 2;

else
ngt - 1;

for(ng - 1;ng <- ngt;ng++)t
if(ngt -- 1) val - *ptr mapw;
else

if(ng -- 1) val - (*ptr mapw)/10;
else val - (*ptrmapw)-{(0*val);

/* - Cell */
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if(ng -= 1)
sprintf(label,"Guide Tube Segment, CCi",*ptr map);

else
sprintf(label,*Guide Tube Segment (2), CC%i",*ptrmap);

strcpy(material,migt);
search usage list l,migt,&index,ptr material usage);
if(index -- 0)l
ptr mtl - material match(ptr core mtls,migtadensity
,&n entries);
(*nmpaterial)++;
ptr ml - ptr material usage;
while(ptr ml->next ! tNULL) ptr-ml - ptr-ml->next;
index - (ptr ml->index)+l;
ptr ml - load usagelist(migt,index,ptr ml);)

elsel
(void) material match(ptr core mtls,migt,&density
,&n entries);

n entries - 0;)
add cell(label,migt,lu8,ncell,index,-density,nuniverse);

*- Surfaces */
strepy(label,"Outer Surface of Guide Tube');
search surface usagelistCl,label,&index, "","",""
,ptrsurface usage);

if (index -- 0)(
strcpy(mnemonic,"c/z");
sprintf(value,"%10.4E %10.4E %10.4E",apitch,-apitch
,(dtodf2.0));

index - -1;
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage, nsurface);)

elsel
index - -index;
add surface(l,label,"" lu8,1u9,&index,""
,ptr surfaceusage,nsurface);)

strcpy(label, Inner Surface of Guide Tube");
search surface usage list(l,label, index,"",n",nn
,ptr surface usage);

if(index -W 0){
strcpy(mnemonic, nc/z");
sprintf(value,"%10.4E %10.4E %10.4E",apitch,-apitch
,(dtid/2));

index - 1;
add surface(O,label,mnemonic,lu8,lu9,&index,value
,ptr_surface usage,nsurface);)

else
add surface(l,label,"',lu8,lu9,&index,""
,ptr surface usage,nsurface);

/*- Material */
if(n_entries !- 0){

add material(lulO,nmaterial,migt,n entries,ptr mtl);
n entries - 0;)

switch (val) I
case 1:

fprintf(1u8,"\n trcl-( %10.4E %10.4E 0.0)"



Waste Package Operations Calculation (Attachment)

Title: Listing of Routines and Functions for BLINK, Version 0
Document Identifier BOOOoooO0-01717-0210-0010 REV O0Attachment XIV Page 135 of 241

,-(2*apitch),(2*apitchl);
lines(1);
fprintf(nout," trcl-( %10.4E %10.4E 0.0)\n"
,-(2*apitch),(2*apitch));

break;
case 2:

fprintf(lu8,"\n trcl-( 0.0 %10.4E 0.0)"
,(2*apitch));

lines(l);
fprintf(nout," trcl-( 0.0 %10.4E 0.0)\n*
,(2*apitch));

break;
case 3:
break;

case 4:
fprintf(lu8,"\n trcl-( %10.4E 0.0 0.0)"
,-(2*apitch));

lines(1);
fprintf(nout," trcl-( %10.4E 0.0 0.0)\n"

-(2*apitch));
}
fprintf(1u8," u- %i imp:n- l.O\n",*ptr map);

/* - Inside of Guide Tube */
/* - Cell */

if(ng -- 1)
sprintf(label,"Inside Guide Tube Segment, CC%i"

*ptr map);
else
sprintf(label,"Inside Guide Tube Segment (2), CCi"

,*ptr map);
strcpy(material,"void");
add cell(label,material,lu8,ncell,0,0.0,nuniverse);

/*- Surfaces */
strcpy(label,"Inner Surface of Guide Tube");
search surface usage list(l,label,&index, "", ",""
,ptr surface usage);

if(index - O07
lines(3);
fprintf(nout,nO*** F a t a 1 E r r o r *** unction");
fprintf(nout," build control cells --\n");
fprintf(nout
,"0Surface not Found in Usage List, label - %s",label);

aborto0;)
index - -index;
add surface(l,label,"",luB,1u9,&index,"
,ptrsurface usage,nsurface);

switch (val) I
case 1:

fprintf(luB," trcl-( %10.4E %10.4E 0.0)"
,-(2*apitch),(2*apitch));

lines(l);
fprintf(nout," trclm( %10.4E %10.4E 0.0)\n"
,-(2*apitch),(2*apitch));

break;
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case 2:
fprintf(lu8," trcl-( 0.0 %10.4E 0.0)"
,(2*apitch));

lines l);
fprintf(nout," trcl-( 0.0 %10.4E O.O)\n"
t2*apitch));

break;
case 3:
break;

case 4:
fprintf(1u8,n trcl-( %10.4E 0.0 0.0)"
,-(2*apitch));

lines(l);
fprintf(nout," trcl-( %10.4E 0.0 0.0)\n*

(2*apitch));
)
fprintf(lu8," u- ti imp:n- l.0\n",*ptr map);

/* - Balance of Universe */
/* - Cell */

sprintf(label,"Balance of Control Cell, CCi",*ptr map);
strcpy(material,"Bypass Water");
search usage list l,material, index,ptr material usage);
if(index -- 0){
lines(3);
fprintf(nout
,"0*** F a t a 1 E r r o r *** Function");

fprintf(nout," build control cells --\n");
fprintf(nout

1n Material not Found in Usage List, label -s\n'
,material);

aborto0;

(*ncell)++;
fprintf(lu8,"c Ss\n",label);
sprintf(buffer," %5i", *ncell);
bufferpad(buffer,strlen(buffer),49);
ptr buf - buffer+49*sizeof(char);
sprintf(ptr buf,"%4i,,*nuniverse);
bufferpad (bufferstrlen(buffer),59);
ptr buf - buffer+59*sizeof(char);
sprintf(ptr buf,"%s",label);
lines(l);
fprintf(nout, %s\n",buffer);

/* - Defintion by Complement *1
short int nn;
int nloc;
if(*ptr mapw -- 0)
nloc - (*ncell)-5;

else
if(*ptr mapw c 10)
nloc - (*ncell)-7;
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else
nloc - (*ncell)-9;

fPrintf~lu8,n%si11,*ncelll;
fprintf(lu8," Si %iO.4E",index,-bypass density);
lines (1);
fprintf(nout," ");
for(nn - nloc;nn < *ncell;nn++)(
fprintf(luB," Ii",nn);
fprintf(nout," I%i",nn);}

fprintf(lout,"\n");
fprintf(lu8,"\n u- Ui imp:n- 1.0\n',*ptr map);

/*- End of Control Cell Construction - - - - - - - - - - - -
ptr mapw++;

pcc - memory integer(-l,ncc,pcc);
return;

I
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SubrouUne ccmgen
SUBROUTINE CCMGEN(NROWP,NCOLP,MMAP,NROWCC,NCOLCC,CCMAP,CCMAPW
2 ,CORE F,NCOLBPNROWBPBLADEP,NCCICLOC,NROWBNCOLB)

C - - - - - - … - - _ - - - - - - - - - - - - - - - - - _
C - - * CCMGEN * Creates Map of Unique Control Cells
C - - - _ - - - - - - - - - - - - - - - - - - _
C - - Argument(s):
C - - NROWP - Maximum Number of Rows of Fuel Assemblies (input)
C - - in Core
C - - NCOLP - Maximum Number of Columns of Fuel Assem- (input)
C - - blies in Core
C - - MMAP - Map of Fuel Assembly Material Types in the (input)
C - - Core
C - - NROWCC - Number of Rows in Control Cell Map (input)
C - - NCOLCC - Number of Columns in Control Cell Map (input)
C - - CCMAP - Map of Unique Control Cell Types (output)
C - - CCMAPW - Scratch Array for Identifying Each Con- (scratch)
C - - trol Cell in Terms of Constituent Fuel
C - - Assemblies and Control Blade Position
C - - (1 - Fuel Assembly Type in the Northwest
C - - Quadrant
C - - 2 - Fuel Assembly Type in the Northeast
C - - Quadrant
C - - 3 - Fuel Assembly Type in the Southeast
C - - Quadrant
C - - 4 - Fuel Assembly Type in the Southwest
C - - Quadrant
C - - 5 - Blade Position
C - - 6 - Location of Incore Detector in Control
C - - Cell
C - - 0 - No Guide Tube Present,
C - - I - Guide Tube in Northwest Quadrant
C - - 2 - Guide Tube in Northeast Quadrant
C - - 3 - Guide Tube in Southeast Quadrant
C - - 4 - Guide Tube in Southwest Quadrant
C - - If there is a second Guide Tube in
C - - Control Cell, then 10 Times the
C - - Index above is Added to the Value)
C - - CORE F - Fraction of Core Represented (input)
C - - (O - Full Core,
C - - 2 - Half Core,
C - - 4 - Quarter Core)
C - - NCOLBP - Number of Columns in Control Blade Map (input)
C - - NROWBP - Number of Rows in Control Blade Map (input)
C - - BLADEP - Control Blade Insertion Map (input)
C - - NCC - Number of MCNP "Universes" (i&o)
C - - INLOC - Locations of Incore Detectors (input)
C - - NROWB - Number of Rows of Control Blade Locations in (input)
C - - the Whole Core
C - - NCOLB - Number of Columns of Control Blade Locations (input)
C - - in the Whole Core
C - - - - - - - -- - - - - - - - - - - - _
C- -
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C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C - - EVENX - Flag to Indicate that Peripheral Fuel Assemblies not
C - - Resident in Control Cells Exist at the X extreme(s) of
C - - the Map
C - - EVENY - Flag to Indicate that Peripheral Fuel Assemblies not
C - - Resident in Control Cells Exist at the Y extreme of
C - - the Map
C - - NULL - Flag to Indicate that a Control Cell Contents Vector
C - - Empty, Indicating a Null Cell
C - - MATCH - Flag to Indicate that a Given Control Cell matches a
C - - Reference Control Cell

LOGICAL EVENX,EVENY,NULL,MATCH
INTEGER CORE F
INTEGER CCMAP(NCOLCC,NROWCC),BLADEP(NCOLBP,NROWBP)
INTEGER CCMAPW(6,NCOLCC,NROWCC)

C - - Dimension Statement(s) --- - - - - - - - - - - - - - - - - - - -
DIMENSION MMAP(NCOLP,NROWP),ICLOC(NCOLB,NROWB)

C - - Determine Whether there are Peripheral Assemlies not in Control
C - - Cells at the Extremes of the Material Map

IF(CORE F .EQ. 4) THEN
IF(FIWAT(NROWP/2) .EQ. (FLOAT(NROWP)/2.)) THEN
EVENX - .TRUE.
EVENY - .TRUE.

ELSE
EVENX - .FALSE.
EVENY - .FALSE.

ENDIF
ELSEIF(COREF .EQ. 1) THEN

IF(FLOAT(NROWP/4) .EQ. (FLOAT(NROWP)/4.)) THEN
EVENX - .TRUE.
EVENY - .TRUE.

ELSE
EVENX - .FALSE.
EVENY - .FALSE.

ENDIF
ELSEIF(CORE F .EQ. 2) THEN

IF(FLOAT(NROWP/4) .EQ. (FLOAT(NROWP)/4.)) THEN
EVENX - .TRUE.

ELSE
EVENX - .FALSE.

ENDIF
IF(FLOAT(NCOLP/2) .EQ. (FLOAT(NCOLP)/2.)) THEN
EVENY - .TRUE.

ELSE
EVENY - .FALSE.

ENDIF
ENDIF

C - - Sweep through Map Loading Identifications for Control
C - - Cells

IXCC - 0
InYCC - 1
CALL INVALI((NCOLCC*NROWCC),CCMAP,0)
CALL INVALI((6*NCOLCC*NROWCC),CCMAPW,0)

C - -.Set up Starting and Ending Limits for Processing Map
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IF(EVENY) THEN
JSTART - 2
JEND - NROWP-1

ELSE
JSTART - 1
JEND - NROWP

ENDIF
IF(EVENX) THEN

ISTART - 2
IEND - NCOLP-1

ELSE
ISTART - 1
IEND - NCOLP

ENDIF
IF(COREF .EQ. 4) THEN

IEND - NCOLP-1
JEND - NROWP-1

ENDIF
IF(CORE F .EQ. 2) JEND - NROWP-1

C - - Load Locations for Extra Row at the Top of the Problem
IYCC - 1
IF(EVENY) THEN
DO I - ISTARTIEND,2
IXCC - IXCC+1
CCMAPW(4,IXCC,IYCC) - MMAP(Il)
CCMAPW(3,IXCCIYCC) - MMAP((I+1),l)
ENDDO
IF(CORE F .EQ. 4) THEN
IXCC - IXCC+1
CCMAPW(4,IXCC,IYCC) - MMAP(NROWP,1)

ENDIF
ENDIF

C - - Process Bulk of Map
DO J - JSTART,JEND,2

IXCC - 0
C - - Process First Column if Extra Column

IF(EVENX) THEN
IXCC - IXCC+1
CCMAPW(2,IXCC,IYCC) - MMAP(1,J)
CCMAPW(3,IXCCIYCC) - MMAP(1,(J+1))

ENDIF
C - - Process Bulk of Map

DO I - ISTARTIEND,2
IXCC - IXCC+1
CCMAPW(1,IXCC,IYCC) - MMAP(I,J)
CCMAPW(2,IXCC,IYCC) - MMAP((I+1),J)
CCMAPW(4,IXCC,IYCC) - MMAP(I,(J+1))
CCMAPW(3,IXCC,IYCC) - MMAP((I+1),(J+1))
CCMAPW(5,IXCC,IYCC) - BLADEP(IXCC,IYCC)
IF(ICLOC(IXCC,IYCC) .EQ. 1) THEN
IF(CCMAPW(6,IXCC,IYCC) .EQ. 0) THEN
CCMAPW(6,IXCC,IYCC) - 3

ELSE
CCMAPW(6,IXCC,IYCC) - CCMAPW(6,IXCC,IYCC)+30
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ENDIF
IF(CCMAPW(6,(IXCC+1),IYCC) .EQ. 0) THEN
CCMAPW(6,(IXCC+l),IYCC) - 4

ELSE
CCMAPW(6,(IXCC+1),IYCC) - CCMAPW(6,(IXCC+1),IYCC)+40

ENDIF
IF(CCMAPW(6,(IXCC+1),(IYCC+1)) .EQ. 0) THEN
CCMAPW(6,(IXCC+1),(IYCC+l)) - 1

ELSE
CCMAPW(6,(IXCC+l),(IYCC+1)) -

2 CCMAPW(6,(IXCC+1),(IYCC+1))+10
ENDIF
IF(CCMAPW(6,IXCC,(IYCC+1)) .EQ. 0) THEN
CCMAPW(6,IXCC,(IYCC+l)) - 2

ELSE
CCMAPW(6,IXCC,(IYCC+1)) - CCMAPW(6,IXCC,(IYCC+1))+20

ENDIF
ENDIF

ENDDO
C - - Process Last Column, if Extra Column or Quarter Core

IF(EVENX .OR. (CORE F .EQ. 4)) THEN
IXCC - IXCC+l
CCMAPW(1,IXCC,IYCC) - MMAP(NCOLP,J)
CCMAPW(4,IXCC,IYCC) - MMAP(NCOLP,CJ+1))
CCMAPW(5,IXCC,IYCC) - BLADEP(IXCC,IYCC)

ENDIF
IYCC - IYCC+1

ENDDO
C - - Load Locations for Extra Row at Bottom of Problem, if Present
C - - or Quarter or Half Core

IF(EVENY .OR. (CORE F .EQ. 2) .OR. (COREF .EQ. 4)) THEN
IXCC - 0
DO I - ISTART,IEND,2

IXCC - IXCC+1
CCMAPW(l,IXCC,IYCC) - MMAP(I,NROWP)
CCHAPW(2,IXCC,IYCC) - MMAP((I+1),NROWP)
CCMPPW(5,IXCC,IYCC) - BLADEP(IXCCIYCC)

ENDDO
IF(CORE F .EQ. 4) THEN

IXCC - IXCC+1
CCMAPW(1,IXCC,IYCC) - MMAP(NCOLP,NROWP)
CCMAPW(5,IXCC,IYCC) - BLADEP(IXCC,IYCC)

ENDIF
ENDIF

C - - Search for Unique Control Cells - - - - - - - - - - - - - - - -
CALL INVALI((NCOLCC*NROWCC),CCMAP,0)
DO J - 1,NROWCC

DO I - 1,NCOLCC
C - - Check for non-fuel Cells

NULL - .TRUE.
DO N - 1,4

IF(CCMAPW(N,I,J) .NE. 0) NULL - .FALSE.
ENDDO
IF(.NOT. NULL) THEN
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C - - Match Found
IF(CCMAP(IJ) .EQ. 0) THEN
NCC - NCC+1
CCMAP(I,J) - NCC

C - - Examine Balance of Core for Matches with Current Control Cell
IF(I .NE. NCOLCC) THEN

DO II - (I+1),NCOLCC
MATCH - .TRUE.
DO N - 1,6

IF(CCMAPW(N,II,J) .NE. CCMAPW(N,I,J))
2 MATCH - .,ALSE.

ENDDO
IF(MATCH) CCMAP(II,J) - NCC

ENDDO
ENDIF
IF(J .NE. NROWCC) THEN

DO JJ - (J+1),NROWCC
DO II - 1,NCOLCC
MATCH - .TRUE.
DO N - 1,6

IF(CCMAPW(N,II,JJ) .NE. CCMAPW(NIJ))
2 MATCH - .FALSE.

ENDDO
IF(MATCH) CCMAP(II,JJ) - NCC

ENDDO
ENDDO

ENDIF
ENDIF

ENDIF
ENDDO

ENDDO
C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -

RETURN
END

Function corejatticegenemtion
include <stdio.h>
include <string.h>

typedef char ascii string[l331;
typedef struct ascii recordt

struct ascii record *last;
ascii string line;
struct ascii record *next;

& a record;
typedef struct s material(

struct s material *last,
int atomic number;
int mass number;
float weight_percentage;
char library suffix(51;
struct s material *next;

} 11 material;
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typedef struct u list{
struct u list *last;
int index;
ascii string label;
struct u list *next;

I usage list;

typedef struct su lists
struct su list *last;
int index;
ascii string label;
ascii string value;
char mnemonic[4];
ascii string equivalent label;
struct su list *next;

I surface usage list;

void search-usagelist(int,char[],int *,usage list );
void search surface usagelist(int,char[],int *,char[],char[(

,char[),surface usage list *);
void add cell(chart],char[j,FILE ,int *,intfloatint *);
void add surfaceCint,char[],char(],FILE *,FILE *,int *,char[(
,surface usage list ,int *);

void add symmetry surfaces(intFILE *,FILE *,surface usage list *

,int);

void core lattice generation(int *ncell,int *nsurface,float apitch
,float bypassdensitysurface usage list *ptr surface usage
,usage list *ptr material usage,int *ccmap,int ncolccint nrowcc
,FILE lu8,FILE *lu9,int core f,int *nuniverse,float afl)(

- - * c o r e 1 a t t i c e g e n e r a t i o n
- - Creates Control Cell Lattice Field

- - Argument(s):
- - ncell - Total Number of Cells in MCNP Model (ilo)
- - apitch - Fuel Assembly Pitch (cm) (input)
- - bypass density
- - - water density in bypass region (g/cc) (input)
- - ptr surface usage
- - - pointer to linked list for surface labels and (input)
- - indices
- - ptr material usage
- - - pointer to linked list for material labels and (input)
- - indices
- - ccmap - pointer to control cell map (input)
- - ncolcc - number of columns in control cell map (input)
- - nrowcc - number of rows in control cell map (input)
- - lu8 - pointer to scratch file containing MCNP cell (input)
-.- 1u9 - definitions

lu9- pointer to scratch file containing MCNP sur- (input)
- - face definitions
- - core f - flag for fraction of core modeled (input)
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- - (1 - full, 2 - half, 4 - quarter)
- - nuniverse - number of "universes" in the MCNP deck (input)
- - afl - active fuel length (cm) (input)

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - max n span - maximum span of nodal members from origin
- - index - index for referencing lists
- - zero - the value of zero

*/
int max n span - 0, index, zero - 0;

/* - Character Variable(s) - - - - - - - - - - - - - - - - - -… - - - -
- - buffer - string variable to hold output fields
- - label - string variable to hold variables labels for editing
- - material - string variable to hold name of cell material
- - mnemonic - MCNP identifier for surface
- - value - string variable to hold value of surface defintion
- - ptr buf - pointer to buffer string variable

char mnemonic[4J;
ascii string buffer, label, value, material;
char *ptr buf;

/* - FILE Variable(s) - - - - - - - - - - - - - - - - - - - - - - - - -
- - nout - pointer to output stream
*1
extern FILE *nout;

/* - Create Cell for Active Core - - - - - - - - - - - - - - - - - - -*
/* - Cell */
strcpy(material,"Bypass Water");
strcpy(label,"Active Core");
search usage list(l,material,&index,ptr material usage);
if(index -- 0){
lines(3);
fprintf(nout,h"o*** F a t a 1 E r r o r *** Function ");
fprintf(nout," core lattice generation --\n");
fprintf(nout," Material Not Found in Linked List, material -s\n"
,label);

abort();)
add cell(label,material,luB,ncell,index,-bypass density,&zero);

/* - Surfaces */
/* - Inner Radial Surface of Core Shroud */
strcpy(label,"Inner Radial Surface of Core Shroud");
search surface usage list(l,label,&index, "","#ntn",
,ptr surface usage);

if(index - )
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function ");
fprintf(nout," core lattice generation --\n");
fprintf(nout," Material Not Found in Linked List, material - %9\n"
,label);

abortl);}
strcpy(value, "o0.0");
strcpy(mnemonic,"");
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index - -index;
add surface(l,label,mnemonic,luB,1u9,&index,value1 ptr surface usage
,nsurface);

/* - Symmetry Surfaces, if present) .*/
if((core-f -- 2) II (core f ,- 4))
add symmetry surfaces(core f,lu8,lu9,ptr surface usage,O);

/* - Top of Active Fuel */
strcpy(label,"Top of Active Fuel");
search surface usage list(l,label,&index, "", ",
,ptr surfaceusage);

if(index -- 0)l
lines(3);
fprintf(nout,hO*** F a t a I E r r o r * Function ");
fprintf(nout," core lattice generation --\n");
fprintf(nout," Surface Not Found in Linked List,label -s\n"
,label);

abort();)
index - -index;
addsurface(l,label, ",lu8,1u9,&index,"",ptr surface usage
,nsurface);

/* - Bottom of Active Fuel *1
strcpy(label,"Bottom of Active Fuel");
search surface usage list(l,label,&index, n, mfl, "B

,ptr surface usage);
if(index - 0)l
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function ");
fprintf(nout," core lattice generation --\n");
fprintf(nout," Surface Not Found in Linked List, surface -s\nw
,label);

abortO0);
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

/* - Filling Universe and Neutron Importance of Cell /
(*nuniverse)+4;
fprintf(lu8,"\n fill-%i\nr,*nuniverse);
fprintf(1u8," imp:n- 1.0\n");

/* - Create Control Cell Lattice - - - - - - - - - - - - - - - - - -*
/* - Cell */
strcpy(label,"Core Lattice");
strcpy(material,"Bypass Water*);
search usage list(l,material,&index,ptr material usage);
if(index --

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function ");
fprintf(nout," core lattice generation --\n");
fprintf(nout," Material Not Found in Linked List, material -s\n"
,label);

abort 0;)
add cell(label,material,lu8,ncell,index,-bypass density,nuniverse);

/* - Surfaces */
strcpy(label,"Edge of Control Cell (max X)");
sprintf(value,"%10.4E",apitch);
index - -1;
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add surface(O,label, px",lue,lug,&index,value,ptr surface usage-
,nsurface);

strcpy(label,"Edge of Control Cell (min X)");
sprintf(value,"%10.4E",(-apitch));
index - 1;
add surface(O,label,"px3 ,lu8,1u9, &index,value,ptr surface usage
,nsurface);

strcpy(label,"Edge of Control Cell (min Y)");
sprintf(value,"%10.4E',(-apitch));
index - 1;
add surface(O,label,"py",luB,1u9, Lindex,value,ptr surface usage
,nsurface);

strcpy(label,"Edge of Control Cell (max Y)");
sprintf(value,"%10.4E",apitch);
index - -1;
add surface (,label,"py",lu8,1u9,&index,value,ptr surface usage
,nsurface);

fprintf(lu8,"\n");
fprintf(lu8,n lat-1 u-%i imp:n- 1.0\n", *nuniverse);

/* - Populate Lattice */
fprintf (lu8," fill-");
if(core f -- 4)
fprintf(lu8,* %i:O %i:O 0:0\n',-ncolcc,-nrowcc);

if(core f -= 1)
if(ncolcc%2 !- 0)

fprintf(luB,n %i:%i li:%i 0:0\nr
,(-(ncolcc/2)),(ncolcc/2),(-(nrowcc/2)),(nrowcc/2));

else
fprintf(lu8," %i:ti ti:%i 0:0\n"
,(-((ncolcc/2)+l)),((ncolcc/2)+l)
,(-((nrowcc/2)+13),((nrowcc/2)+1));

if(core f -- 2)t
if(ncolcct2 I- 0)

fprintf luS," ni:%i", (-(ncolcc/2)),(ncolcc/2));
else

fprintf luB," %i:ti"
,(-((ncolcc/2)+l)), (ncolcc/2)+l));

fprintf(Iu8," %i:O 0:0 \nu,(-(ncolcc/2)));)
4 short int i,j;
int *loc;
loc - ccmap;
fprintf(lu8," n);
for(i - -l;i < ncolcc;i++)
fprintf lu8," %3i",*nuniverse);

fprintf(lu8,"\n");
forcj - 0;j < nrowcc;j++){

fprintf(1u8," I);

fprintfIluB,W %3i",*nuniverse);
for(i - O;i < ncolcc;i++){

if(*loc !- 0)
fprintf(luB," %3i", *loc);

else
fprintf(lu8," %3i",*nuniverse);

loc++;)
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fprintf (1u8, "\nn);



Waste Package operations Calculation (Attachment)

Waste Package OperationS Calculation (Attachment)
Title: Listing of Routines and Functions for BLK Version 0
Document Identifier BOOOOOOO-01717-0210-00010 REV OlAttachment XIV Page 148 of 241

Function echo._MCNPdeck

finclude<stdio.h>
.Ainclude<string.h>

void echo MCNP deck(FILE *Imcnp)l

- - * e c h o MC N P de c k * Copies the MNCP File to the
Output Stream

Argument (s):
lmcnp - File Pointer to MCNP

_ - - - - - - - - - - - - - - - - -

Input Deck
- - - - - -

(input)

1* -

*1

Variable Declarationis) - - - - - - - - - - - -
Character Variable (8)

c - single character used to read from
p - pointer to character variable

buffer - string variable used to copy files
case title - title for analysis

input file

from input file

unsigned char c;
char *p;
char buffer[1331 , "U;

/* - FILE Variable(s)
- - nout - output file
*1o
extern FILE *nout;

/* - - Rewind File before Processing - - - - - - - - - - - - - - - - -
rewind(lmcnp);
lines(4);
fprintf(nout,"Olnput to MCNP\n");
fprintf(nout,"\n");

/* - Copy Line-by-line to Output File - - - - - - - - - - - - - - - -
do
strcpy(buffer," );
p - buffer;
do
c - fgetc(lmcnp);
'p e C;

UP++;)
while((c !- 10) && (c !- 255));
if(c !- 255) fprintf(nout," ");
if(c !- 255)(
p - buffer;
c - *pg
while(c I- 10){

fputct*p,nout);
Pa++;
c - *p;

)
fprintflnout,"\n");
lines(l);
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while(c !- 255);
fclose(lmcnp);
return;

}
Function edit-materials

#include <stdio.h>
{include <string.h>

typedef char ascii-string[1331;

typedef struct u list{
struct u list *last;
int index;
ascii string label;
struct u list *next;
) usage list;

void headers;
void lines(int);

void edit materials(usage list *ptr material usage){

*e d i t m a t e r i a 1 s * edits the descriptions of mater-
ials used in the problem

- - Argument(s):
- - material usage list
- - - linked list of material descriptions (input)

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- - Character Variable(s)
- - buffer - buffer for processing lines of output
- - ptr buf - pointer to buffer

*1
ascii string buffer;
char *ptr buf;

/* - Structured Variable(s)
- - ptr - pointer to surface usage linked list

*/
usagelist *ptr - ptr material usage;

/* - FILE Variable(s) - - - - - - - - - - - - - - - - - - - - - - - - -
- - nout - pointer to output stream

*1
extern FILE *nout;

1* - Edit List of Universes Assigned to Unique Lattices - - - - - - -
headers;
lines(4);
fprintf(nout,"ODescription of Materials used in the Problem\n");
fprintf(nout,"OIndex Label\n\n");
while(ptr->next !- NULL)(

lines(1);
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fprintf(nout," %3i %s\n",ptr->indexptr->label);
ptr - ptr->next;

}
/*- Last Member of Linked List *1
lines l);
fprintf(nout,". %3i %s\n",ptr->index,ptr->label);

Function editsurfaces
{include <stdio.h>
Uinclude <string.h>

typedef char ascii string[1331;

typedef struct su list(
struct su list *last;
int index;
ascii string label;
ascii string value;
char mnemonic[4);
ascii string equivalent label;
struct su list *next;
I surfaceusagelist;

void headerfl;
void lineslint);
void bufferpad(char[],intint);

void edit surfaces(surface usage list *ptr surface usage)(
/* - -- _ - - - - - - - -- - - - -_ -

-.- * e d i t s u r f a c e s * edits the descriptions of surfaces
used in the problem

- - Argument(s):
- - surface usagelist
- - - linked list of surface descriptions (input)

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- - seq_num - sequence number for surfaces in surface definition
- - linked list

*/
int segqnum - 0;

/* - Character Variable(s)
- - buffer - buffer for processing lines of output
- - ptr buf - pointer to buffer

ascii string buffer;
char *ptr buf; -

/* - Structured Variable(s)
- - ptr - pointer to surface usage linked list

*t
surface usage list *ptr - ptr surface usage;

/* - FILE Variable(s) - - - - - - - - - - - - - - - - - - - - - - - - -



Waste Package operations Calculation (Attachment)

Title: Listing of Routines and Functions for BLINK, Version 0
DocumentIdentifier BOOOOOOO-0 1717-0210-OO10 REV OlAttachment XIV Page 151 of 241

- - nout - pointer to output stream
*1
extern FILE *nout;

/* - Edit List of Universes Assigned to Unique Lattices - - - - - - -*
header 0;
lines(7);
fprintf(nout,"ODescription of Surfaces used in the Problem\n");
fprintf(nout,"OSeq. No. Index Label\n");
fprintf(nout," Mnemonic Definition\n");
fprintf(fnout," Equivalent Label\n\n');
while(ptr->next !- NULL)(

ptr buf - buffer;
seqnum++;
ptr - ptr-mnext;
if(strlen(ptr->equivalent label) !- 0)
lines(3);

else
lines(2);

fprintf(nout," %3i %3i %s\n",seq-num,ptr->index
,ptr->label);

sprintf(buffer," ts",ptr->mnemonic);
ptr buf - buffer;
bufferpad(buffer,strlen(buffer),26);
ptr buf +- 25*sizeof(char);
sprintf(ptr buf,"%s",ptr->value);
fprintf(nout,"%s\n",buffer);
if(strlen(ptr->equivalentjlabel) !- 0)

fprintf(nout," ns~n"
,ptr->equivalentlabel);

}

Function edit_unlverses

#include <stdio.h>
finclude <string.h>

typedef char ascii string[133);

void headerO;
void lineso;

int search fau list(intintint *,int);

void edit universes(int ncolcc,int nrowcc,int *ccmap,int *fau fill
,int core f,int ncolp,int nrowpgint nu cc,int nlatticm,int nbundlm
,int *ptr ufl,int *ptr ufa)t

/* - - - - - - - - - - - - - - - -

*e d i t u n i v e r s e s * edits the universe indices for
control cells and fuel assemblies

- - Argument(s):
- - ncolcc - Number of Columns in Control Cell Map (input)
- - nrowcc - Number of Rows in Control Cell Map (input)
- - ccmap - Map of Control Cell Universe Indices (input)
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fa

n~l

LU fill - Array Containing Fuel Assembly Assigments to
Unique Control Cells

core f - Fraction of Core Modeled
(1 - full core,
2 - half core,
4 - quarter core)

ncolp - number of columns in core map
nrowp - number of rows in core map
nu cc - starting index for control cell indices

.atticm - number of lattices with unique material defin-
itions

bundlm - number of fuel assemblies with unique material
definitions

otrufl - vector with universe indices for unique lat-

(input)

(input)

(input)
(input)
(input)
(input)

(input)

(input)

(input)

11

P

ptr ufa -
tice types
vector with universe indices for
assembly types

unique fuel

- - Variable Declarations - - -…- - - - - - - - - - - - - - - - - - - -
- - Integer Varialble(s)

i

k
n row
n col

holder
ptr map
ptr fau

value

loop variable for columns in map
loop variable for rows in map
utility loop variable
index to row in fuel assembly map
index to column in fuel assembly map
temporary storage for integer variable
pointer to ccmap array
pointer to fau fill array
value for fuel assembly universe index are returned
by search routine

*1
short int i,j,k,n rown col;
int holder, value,
int *ptr map - ccmap, *ptr fau - fau fill;

/* - Character Variable(s)
- - buffer - buffer for processing lines of output
- - ptr-buf - pointer to buffer

*/
ascii string buffer;
char *ptr buf;

/* - FILE Variable(s) - - - - - - -…- - - - - - - - - - - - - - - - - -
- - nout - pointer to output stream

*/
extern FILE *nout;

/* - Edit List of Universes Assigned to Unique Lattices -
headerl);
lines(2);
fprintf(nout," Universe Indices Corresponding to Unique
short int min - 1,max - 30, ncycle;
int *p - ptr ufl;
if(nlatticm < 30) max - nlatticm;
ncycle - (nlatticm/30)+l;
for(k - l;k <- ncycle;k++)f

- - - /

Lattices\n\n");
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lines (2),
forli - 1;i <- max;i++) fprintf(nout," %3i",i);
fprintf(nout, "\n");
forli - 1;i <- max;i++,p++) fprintf(nout," %3i",*p);
fprintf(nout,"\n");
max +- 30;
if(max > nlatticm) max - nlatticm;

lines(l);
fprintf(nout, "\n");

/* - Edit List of Universes Assigned to Unique Fuel Assemblies - - - -
lines(2);
fprintf(nout," Universe Indices Corresponding to Unique Fuel");
fprintf(lout," Assemblies\n\n");
l short int min - 1, max - 30, ncycle;
int *p - ptrufa;
if(nbundlm < 30) max - nbundlm;
ncycle - (nbundlm/30)+1;
for(k - l;k <- ncycle;k++){
lines(2);
forli - 1;i <- max;i++) fprintf(nout," %3i",i);
fprintf(nout,"\n");
for(i - 1;i <- max;i++,p++) fprintf(nout," %3i",*p);
fprintf(nout,"\n");
max +- 30;
if max > nbundlm) max - nbundlm;

}

lines l);
fprintfinout,"\n");

/* - Edit Map of Control Cell Universe Indices - - - - - - - - - - - -*
lines(4+nrowcc);
fprintf(nout," Indicies for Control Cells\n\n");
fprintf(nout," nrc");
for~i - 1;i <- ncolcc;i++) fprintf(nout," %3i",i);
fprintf(nout,"\nrn");
for(j,- l;j <- nrowcc;j++){

fprintf(nout," %3i",J);
for(i - l;i <- ncolcc;i++,ptr map++)
ift*ptr map !- 0)
fprintf(nout," %3i", *ptr map);

else
fprintf(nout," "I;

fprintf(nout,"\n");

/* - Edit Map of Fuel Assembly Universe Indices - - - - - - - - - - -*
lines(nrowp+5);
fprintf(nout,"OIndices for Fuel Assemblies\n\n");
fprintf(nout," nr/c");
forli - l;i <- ncolp;i++) fprintf(nout," %3i",i);
fprintf(nout,"\n\n");
ptr map - ccmap;

J* - Process Quarter-core Geometry 1
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if(core f -= 4)1
*- Process Top Row if Not complete Control Cell 'I

n row - 1;
if(nrowp%2 -- O)
fprintf(lout," %3W,n row);
for(i - l;i < ncolcc;i++,ptr map++)(
if((ncolp%2 -- 0) & Ci -- l)fl

if(*ptr map !- O)(
value - search fau list(*ptr map,4,fau fill,nu cc);
if(value I- 0)

fprintf(nout," %3i",value);
else

fprintf(nout," );

value - search fau list(*ptr map,3,fau fill,nu cc);
if(value !- 0)

fprintf(nout," %3i",value);
else

fprintf(nout," n );

}
else.
fprintf(nout,"

elsel
if(*ptr map !- O)4
value - search fau list(*ptr map,4,fau fill,nu cc);
fprintf(nout," t3i",value);

)
else fprintf(nout," n);

}

ptr-map++;
value - search fau list(*ptr map,4,fau fill,nu cc);
if(value !- 0)

fprintf(nout," %3i*,value);
else

fprintf(nout,' ",value);
fprintf(nout, "\n");

/*- Process Bulk of Map t/

forlj - n row;j < nrowcc;j++)(
fprintf~nout," %3i",((2*j)-1));
sprintf(buffer," %31",(2*j));
ptrbuf - buffer;
ptr buf +- 4*sizeof(char);
forli - l;i < ncolcc;i++,ptr map++)(

if((ncolp%2 - 0) 6& (i -- l))l
if(*ptrrmap !- 0){
value - search fau list(*ptr map,2,fau fill,nu cc);
if(value 1- 0)

fprintf(lout," %3i",value);
else

fprintf(nout," "l;
value - search fau list(*ptr map,3,fau fill,nu cc);
if(value !- 0)
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sprintf(ptr-buf," %3i",value);
else
strcat(buffer," n );

ptr buf +- 4*sizeof(char);

elsel
fprintflnout," ");

strcat(buffer," );
ptr buf +- 4*sizeof(char);

)
else(

if(*ptr map !- Ot
value - search fau list(*ptr map,l,fau fill,nu cc);
if(value !- 0)
fprintflnout," %3i",value);

else
fprintf(nout," n );

value - search fau list(*ptr map,2,fau fill,nu cc);
if(value !- 0)

fprintf(nout," %3i",value);
else

fprintflnout," U);

value - search fau list(*ptr map,4,fau fill,nu cc);
if(value 1- 0)

sprintf(ptr buf," %3i",value);
else

strcat (buffer," ");
ptr buf +- 4*sizeof(char);
value - search fau list(*ptr map,3,fau fill,nu cc);
if(value I- 0)

sprintf(ptr buf," %3i",value);
else
strcat(buffer," ");

ptr buf +- 4*sizeof(char);

else(
fprintf(nout,"
strcat(buffer,"
ptr buf +- 8*sizeof(char);

}

/* - Final Column */
value - search faulist(*ptr map,l,fau fill,nu cc);
if(value I- 0)

fprintf(fnout," %3i",value);
else

fprintffnout," "I;
value - search fau list(*ptr map,4,fau fill,nu cc);
if(value I- 0)
sprintf(ptrbuf," %3i",value);

else
strcat(buffer," ");
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ptr buf +- 4*sizeof(char);
fprirntf(nout,"\n");
fprintf(nout,buffer);
fprintf(nout,"\n");
ptr map++;

/*- Process Assemblies along Centerline */
fprintflnout," %3in, ((2*nrowcc)-M));
if(ncolp%2 I- O)(
sprintf(buffer," %3i",2*nrowcc);
ptr buf - buffer;
ptr buf - 4*sizeof(char);)

for(i - 1;i < ncolcc;i++,ptr map++)(
if(nrowp%2 I- O)I
value - search fau list(*ptrlmap,l,fau fill,nu cc);
if(value !- 0)

fprintf(nout," %3i",value);
else

fprintf(nout," ");
value - search fau list(*ptr map,2,fau fill,nu cc);
if(value 1- 0)
fprintf(nout," %31",value);

else
fprintf(fnout," ");)

elsef
value - search fau list(*ptr map,l,faufill,nu cc);
if(value !- 0)
fprintf(nout," 3iw,value);

else
fprintf(nout," ");

value - search fau list(*ptr map,2,fau fill,nu cc);
if(value !- 0)

fprintf(nout," %3i",value);
else

fprintf(nout," ");
value - search fau list(*ptr map,4,faufill,nu cc);
if(value !- 0)
sprintf(ptr buf," %31",value);

else
strcat(buffer," i);

ptr buf +- 4*sizeof(char);
value - search fau list(*ptr map,3,faufill,nu cc);
if(value !- 0)

sprintf(ptr buf," %3i",value);
else

strcat(buffer," I);

ptr buf +- 4*sizeof(char);

if ncolp%2 !- O)j
value - search fau list(*ptr map,l,fau fillnu cc);
if(value !- 0)

fprintf(nout," %3i",value);
else
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fprintf(nout," n);

fprintf(nout,"\n");)
elsel

value - search fauIist(*ptr map,4,fau fill,nu cc);
if(value I- 0)

fprintf(nout," %3i\n",value);
else
sprintf(buffer," a);

fprintf(nout,"%s\n",buffer);

}
/* - Process Half-core Geometry */

else if(coref -- 2)l

1* - Process Full-core Geometry */
else(

Function ge7x7 lattice

#include <stdio.h>
#include <string.h>
typedef char ascii-string[133];
typedef struct ascii record{

struct ascii record *last;
asciistring line;
struct ascii record *next;

I arecord;
typedef struct s material(

struct s material *last;
int atomic number;
int mass number;
float weight_percentage;
char library_suffix[51;
struct s material *next;
1 11_material;

typedef struct u-list(
struct u list *last;
lnt index;
ascii string label;
struct u-list *next;

} usagelist;

typedef struct su-listl
struct su list *last;
int index;
ascii string label;
ascii string value;
char mnemonic[4];
ascii string equivalent label;
struct su list *next;

) surface usage list;
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void add cell(char(1,char[],FILE *,int *,int,float,int )
void add surface(int,char[],char[],FILE *,FILE *,int *,cha~r()
,surface usage list *tint *);

void add,_material(FILE *,int *,char[],int,Jl1 material 1
11-material. *material-match(a record *,char[T,float *,int )
usage list *load usage list(charf],int,usage list *);
surface usage li-st *load surface usage_list (char [1 ,it
,char(],charfl,char[(],s-urface-usage-list )

void aborto0;
void lines~int);
void search usage_list(int,charEJ,int *,usage_list )
void search surface ~usage _list (int, charf I,int *, charti. char [I
,char (],surface usage list *);

void add-like but(charfl,charfl,FILE *,int *,char(J,int,int )

void ge7x7 lattice(float cthick, float asin,float wgap. float ngap
,float cradius,float fsrd,float cfsrd, float rpitch,float cod
,float cld, float pod,char frcmat(J,char fcmatil,int latdimr,int nft
,int *lattice,int *ncell,int *nmaterial,FILE *1u8,FILE *lu9
,FILE *lu1O,surface-usage_list *ptr-surface usage
,usage list *ptr material usage, float inchannel density
,float bypass density,int *nuniverse, float *fp daensity
,ascii string matdsnam,ll material *fmids~a record *ptr core mtls
,int n-lat,int *ufl,int *nsurface,char inchannel material (D((

g e 7 x7 la tt i ce *Create Lattice Model for GE 7x
Lattice Model

Argument(s):
cthick -

asin -

wgap -

ngap -

cradius -

fsrd -

Channel Thickness (cm)
Inner'Span of Channel (cm)
Wide Gap Thickness (cm)
Narrow Gap Thickness (cm)
Inner Radius of Channel Corner (cm)
Clad Surface to Clad Surface Separation

I

I

o mat

(cm)
cfsrd - Clad Surface to Inner Channel Surface

Separation (cm)
,pitch - Fuel Rod Pitch (cm)

cod - Cladding Outer Diameter (cm)
cld - Cladding Thickness (cm)
pod - Fuel Pellet Outer Diameter (cm)

'rcmat - Material Identifier for Fuel Rod Cladding
fcmat - Material Identifier for Channel
Latdim - Lattice Dimensionality

nft - Number of Unique Fuel Rod Types
ittice - Fuel Rod Type Map
ncell - number of MCNP cells
:erial - number of MCNP materials

(input)
(input)
(input)
(input)
(input)
(input)

(input)

(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)

(ifio)
(ifio)

(input)

(input)

(input)

1uS - stream pointer to scratch file for cell defin-
itions

lu9 - stream pointer to scratch file for surface
definitions

lulO - stream pointer to scratch file for material
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definitions
ptr surface usage

- list of defined surfaces
ptr material usage

- list of defined materials
inchannel density

- density for in-channel moderator (g/cc)
bypass density

- density for bypass moderator (g/cc)
nuniverse - number of MCNP "universes"
fpdensity - density for fuel pellets
matdsnam - name for fuel intermediate material dataset

fmids - linked list for fuel material composition
ptr coremtls

(input)

(input)

(input)

(input)
(i6o)

(input)
(input)
(input)

(input)

(input)

(input)

(input)

(input)

. - pointer to linked list containing core mat-
erial definitions

nlat - index for unique lattice for which to create
MCNP lattice model

ufl - index for universe that contains the entire
lattice representation

,face - total number of surfaces
inel material

- mnemonic for inchannel moderator material

nsur
inchan

Variable Declarations - - - - - - - - - - - - - - - - - - - -
Integer Variable(s)

n - index for loops
len - length of-ascii strings

index - utility variable for indices
n entries - number of entries in linked list for fuel material

- - ufr
- - ufrl
- - uchan
- - cchan
- - cwi c
- - ncpellet
- - ncgap
- - ncclad
- - ncwater

*/

universe index
universe index
universe index
cell index for
cell index for
cell index for
cell index for
cell index for
cell index for

for first fuel rod
for fuel rod window lattice
for channel and contents
channel
area inside channel
reference fuel pellet
reference fuel/cladding gap
reference cladding
water outside of reference fuel rod

short int n;
int len - 132, length, index;
int n entries;
int ufr, ufrl, uchan;
int cchan, cwic;
int ncpellet, ncgap, ncclad, ncwater;

/* - Float Variable(s)
- - . spor - reference fuel pellet outer surface
- - scir - reference cladding inner surface
- - scor - reference cladding outer surface
- - xminfrw - XMIN surface for fuel rod window
- - xmaxfrw - XMAX surface for fuel rod window
- - yminfrw - XMIN surface for fuel rod window
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*1

ymaxfrw -
wgcowx -
wgciwx -
ngciwx -
ngcowx -
wgcowy -
wgciwy -
ngciwy -
ngcowy -

xambigl -
xambig2 -
yambigl -
yambig2 -

ccro -
ccri -
cclx -
ccly -
cc2x -
cc2y -
cc3x -
cc3y -
cc4x -
cc4y -

density -
x ofset -
y-ofset -

YMAX surfacr for fuel rod window
wide gap, channel outside wall, px surface
wide gap, channel inside wall, px surface
narrow gap, channel inside wall, px surface
narrow gap, channel outside wall, px surface
wide gap, channel outside wall, py surface
wide gap, channel inside wall, py surface
narrow gap, channel inside wall, py surface
narrow gap, channel outside wall, py surface
ambiguity surface for channel corners (wide gap)
ambiguity surface for channel corners (narrow gap)
ambiguity surface for channel corners (wide gap)
ambiguity surface for channel corners (narrow gap)
outer radius for channel corner
innner radius for channel corner
center for channel corner 1
center for channel corner 1
center for channel corner 2
center for channel corner 2
center for channel corner 3
center for channel corner 3
center for channel corner 4
center for channel corner 4
density for material
x-offset for fuel rod centering to base lattice position
y-offset for fuel rod centering to base lattice position

float spor, scir, scor,xminfrw,xmaxfrw,yminfrw,ymaxfrw,wgcowx,wgciwx
,ngciwxngcowxwgcowy,wgciwy,ngciwy,ngcowy,xambigl,xambig2,yambigl
,yambig2,ccro,ccri,cclx,ccly,cc2x,cc2y,cc3x,cc3y,cc4x,cc4y;

float density,x ofset,y ofset;
/* - Character Variable(s)
- - label - label for cell or surface
- - material - label for cell material for output edit
- - mnemonic - MCNP mnemonic for surface definition
- - value - surface defintion values in string form
- - mdsnam - working pointer for lattice material intermediate
- - dataset name

*1o
char mnemonic(41;
ascii string label,material,value;

/* - FILE VariableCs)
- - nout - output file

*1
extern FILE *nout;

/* - Structured Variable(s)
- - ptr-mtl - pointer to material definition linked list

*1
11 material *ptr mtl;

/* - Compute Surfaces for Lattice - - - - - - - - - - - - - - - - - -*
spor - pod/2;
scir - (cod/2)-cld;
scor - cod/2;
xminfrw - -rpitch/2;
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xmaxfrw - rpitch/2;
yminfrw - -rpitch/2;
ymaxfrw - rpitch/2;
wgcowx - wgap;
wgciwx - wgap+cthick;
ngciwx - wgap+cthick+asin;
ngcowx - wgap+(2*cthick)+asin;
wgcowy - -wgap;
wgciwy - -(wgap+cthick);
ngciwy - -(wgap+cthick+asin);
ngcowy - -(wgap+(2*cthick)+asin);
xambigl - wgap+cthick+cradius;
xambig2 - wgap+cthick+asin-cradius;
yambigl - -(wgap+cthick+cradius);
yambig2 - -(wgap+cthick+asin-cradius);
ccro - cradius+cthick;
ccri - cradius;
cclx - wgap+cthick+cradius:
ccly - -(wgap+cthick+cradius);
cc2x - wgap+cthick+asin-cradius;
cc2y - -(wgap+cthick+cradius);
cc3x - wgap+cthick+asin-cradius;
cc3y - -(wgap+cthick+asin-cradius);
cc4x - wgap+cthick+cradius;
cc4y - -(wgap+cthick+asin-cradius);

/* - compute offset to move fuel rod to reference location */
x ofset - wgap+cthick+cfsrd+(cod/2);
y ofset - -x ofset;

/* - Build Lattice Model Starting with Fuel Pellet - - - - - - - - -*
for( n - 0; n < nft; n++)(

(*nuniverse)++;(*nmaterial)++;
if(n -- 0) ufr - *nuniverse;

/* - Pellet Cell */
sprintf(label,"Fuel Pellet, Ili, Li", (n+l),nlat);
sprintf(material,"%s (%i)",matdsnam,(n+l));
search usage list(l,material,&index,ptr material usage);
if(n --

if (index -= 0)
add cell(label,material,lu8,ncell,*nmaterial,-(*fp density)
,nuniverse);

n entries - 1;)
else(
add cell(label,material,lu8,ncell,index,-(*fp density)
,nuniverse);
n entries - 0;)

ncpellet - *ncell;)
else(

if(index -- O)f
sprintf(value,"mat- Si rho- %10.4E"
,*nmaterial,-(*fp density));
n entries - 1;}

else{
sprintf(value,"mat- li rho- %10.4E"
,index,-(*fp density));
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n entries - 0;)
add like but(labelmateriallu8,ncellvaluencpellet
,nuniverse);)

usage list *ptr ml - ptr material usage;
while(ptr ml->next I- NULL) ptr ml - ptr-ml->next;
index - (ptrml->index)+l;
ptr-ml - load usage list(material,indexptr ml);

fp density++;
/* - Pellet Surface */

ifn -- 0H
strcpy(label,*");
sprintf(label,'Fuel Pellet Outer Surface, fi, Li"
,(n+l),nlat);

strcpy(mnemonic,"c/z");
strcpy(value,"");
sprintf(value,'%l0.4E %10.4E %10.4E",x ofset,y ofset,spor);
index - -1;
add surface(0,label,mnemonic, 1u8,1u9,&index,value
,ptr surface usage,nsurface);

)
/* - Pellet Materials */

sprintf(label,"ts (%i)",matdsnam,(n+1));
/* - Determine number of entries in Linked List */

if(n entries -- 1
{ 11 material *f - fmids;
dof
f - f->next;
n entries++;)

while(f->next I- NULL);
)
add material(lulO,nmaterial,label,n entries,fmids);

if(n < (nft+l)) fmids++;
fprintf(lu8," u- ii imp:n- l.O\n",(ufr+n));

/* - Fuel/Cladding Gap - - - - - - - - - - - - - - - - - - - - - - -*
/* - Cell */

sprintf(label,*Fuel/Cladding Gap, iti, Li", n+l),nlat);
strcpy(material,"void");
if(n - 0)
add cell(label,material,lu8,ncell,0,0.0,nuniverse);
ncgap - *ncell;)

else
add like butflabel,material,lu8,ncell, "",ncgap,nuniverse);

/* - Surfaces */
if(n -- 0H

sprintf(label,"Fuel Pellet Outer Surface, #Si, Li",(n+l),nlat);
search surface usage list(l,label,&index, "n, ""I""

,ptr surface usage);
if(index -- 0H

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

I



Waste Package Operations Calculation (Attachment)

Title: Listing of Routines and Functions for BLINK, Version 0
Document Identifier B00000000-01717-0210-00010 REV 01 Attachment XIV Page 163 of 241

, Surface Not Found in Linked List, label - %s\n",label);
aborto lu

add surface(l,label,'",lu8,1u9,&index,"",ptr surfaceyusage
,nsurface);

sprintf(label,"Fuel Cladding Inner Surface, Ii, Li",(n+l),nlat);
strcpy(mnemonic,"c/z");
index - -1;
sprintf(value,"%lO.4E %10.4E %10.4E",x ofset,y ofset,scir);
add surface(O,label,mnemonic,lu8,lu9,&index,value
,ptr-surface usage,nsurface);

/* - Material -- void used */
fprintf(lu8," u- %i imp:n- 1.0\n",(ufr+n));

/* - Cladding - - - - - - - - - - - - - - - - - - - - - *-
/* - Cell */

sprintf(label,"Cladding, Wi, L%i",(n+1),nlat);
strcpy(material,frcmat);
if(n -- OH

search usagelist(l,frcmat,&index,ptr material usage);
n entries - 0;
if(index -- 0)H

( usagelist *ptr ml;
ptr _mtl -
material match(ptr core mtls,frcmat,&density,&n entries);
(*nmaterial)++;
ptr ml - ptr material usage;
while(ptr ml->next I- NULL) ptr ml - ptriml->next;
index - (ptr-ml->index)+l;
ptr ml - load usage list(frcmat,index,ptr ml);

}
elsef

(void) material match(ptr core mtls,frcmat,&density,&n entries);
n_entries - 0;)

add cell(labelmaterial,1u8,ncell,index,-density,nuniverse);
ncclad - *ncell;)

else
add like but(label,material,lu8,ncell, ",ncclad,nuniverse);

/* - Surface(s) /
if(n -- OH
sprintf(label,"Fuel Cladding Inner Surface, Mti, Li",(n+l),nlat);
search surface usage_list(l,label,&index,"", ", "
,ptr surface usage);

if(index - 0)1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

I" Surface Not Found in Linked List, label - %s\n',label);
abortl);)

add surface(l,label,'",luB,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label,"Fuel Cladding Outer Surface, Mi, L%i",(n4l),nlat);
strcpy (mnemonic, c/z');
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index -1;
sprintf(value,"tl0.4E 10,4E %10.4E",x ofset,yofset,scor);
add surface(0,labelmnemonicluBlu9,&indexvalue
,ptrsurface usage,nsurface);

/* - Material *J
if(n -- 0)O
ifn entries !-O0)(
add materialClulO,nmaterial,frcmat,n entries,ptr mtl);
rollupllm(ptr mtl);
n entries - 0;)

fprintf~lu8," u- %i imp:n- 1.0\n",(ufr+n));
/*- Water Outside of Outer Surface of Cladding - - - - - - - - - -*
/* - Cell */

sprintf(label,"Water Outside Cladding #%i, L%i",(n+l),nlat);
strcpyymaterial,inchannel material);
if(n -- 0H
search usagelist(l, material, &index,ptr material usage);
if(index -- 0)(
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r * Function');
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Material Not Found in Linked List, material - %s\n",label);
aborto);)

add cell(label,material,lu8,ncell,index,-inchannel density
,nuniverse);

ncwater - *ncell;)
else
add like but(label,material,lu8,ncell, "",ncwater,nuniverse);

/* - Surface *7
if(n -- 0)H
sprintf(label,"Fuel Cladding Outer Surface, Mi, Lii,(n+l),nlat);
search surface usage list(l,label,&index, ",nn,n"
,ptr surface usage);

if(index -- 0)(
lines(3);
fprintf(nout,h"o*** F a t a I E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abort();)

*add surface(l,label,"",lu8,1u9, index,"",ptr surface usage
,nsurface);

*- Materials *1
/*- In-channel Material should already exist as a material */

if(n -- 0) fprintf(lu8,"\n");
fprintf(lu8," u- ti imp:n- 1.0\n",(ufr+n));

)
/* - Create Lattice for Fuel Assembly and Populate with Previously

- - Defined Fuel Rod Universes - - - - - - - - - - - - - - - - - -*
/* - Cell */
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sprintf(label,"Reference Fuel Rod Cell, Li",nlat);
strcpy(material,inchannel material);
search usage list ll,material,&index,ptr material usage);
if(index - 0)l
lines(3);
fprintf(nout,wO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

,w Material Not Found in Linked List, material - %s\n",label);
abort ();

(*nuniverse)++;
ufrl - *nuniverse;
add cell(label,material,lu8,ncell,index,-inchannel density
,nuniverse);

/* - Surfaces */
sprintf(label,"XMAX Surface for Fuel Rod Window, L%i",nlat);
strcpy(mnemonic,"px");
index - -ls
sprintf(value, "%10.4E", (xmaxfrw+x ofset));
add surface(O,label,mnemonic,lu8,lu9,&index,value
,ptr-surface usage,nsurface);

sprintf(label,"XMIN Surface for Fuel Rod Window, L%i",nlat);
strcpy(mnemonic,"px");
index - 1;
sprintf(value, "%10.4E", (xminfrw+x ofset));
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label,"YMIN Surface for Fuel Rod Window, Ltil,nlat);
strcpy(mnemonic, "py");
index - 1;
sprintf(value,"%10.4E", (yminfrw+yofset));
add surface(O,labelmnemonic,lu8,1u9,6index,value
,ptr surface usagensurface);

sprintf(label,'YMAX Surface for Fuel Rod Window, L%i",nlat);
strcpy(mnemonic,"py");
index - -1;
sprintf(value,"%10.4E", (ymaxfrw+y ofset));
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

fprintf(lu8," lat- 1 u - %i imp:n- l.0\n",*nuniverse);
fprintf(lu8,0 fill- -1:%i -1:%i O:O\n"
,latdim,latdim);

lines(latdim+l);
fprintf(nout," Universes Filling the Lattice:\n");
1 short int i,j;

int *plattice - lattice;
fprintf(luB,"
for(j - 0;d <- (latdim+l);j++) fprintf(1u8,"%3i ",*nuniverse);
fprintf(lu8,"\n");
for(i - 1;i <- latdim;i++4)

fprintf(lu8," %3i ",*nuniverse);
fprintf(nout," 0);
for(j - 1;j <- latdim;j++,plattice++G)
fprintfflu8,"%3i bt {*plattice+ufr-))};
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fprintf~nout,'%3i -,(*platticesufr-i));)
fprintf(luS, %3i\n",*nuniverse);
fprintf(nout,"\n");j

fprintf(lu8,' i);

for(j - O;j <- (latdim+l);j++) fprintf(lu8,"'3i ",*nuniverse);
fprintf(lu8,f"\n");

/* - Create Channel Model and Populate with LattiCe - - - - - - - -
/* - Channel - - - - - - - - - - - - - - - - - - - - - - - - - --- -*
/* - Cell */

(*nuniverse)++;
uchan - *nuniverse;
sprintf(label,"Channel, Li",nlat);
search usagelist(l,fcmat,&index,ptr material usage);
n entries - 0;
if(index -0

usage list *ptr ml;
ptr mtl -
material match(ptr core mtls,fcmat, £density,&n entries);
(*nmaterial)++;
ptr ml - ptr material usage;
while(ptr ml->next I- NULL) ptr ml - ptr ml->next;
index - (ptrrml->index)+l;
ptr ml - load usage list(fcmat,index,ptr ml);

else(
(void) material match(ptr core mtls,fcmat,&density,&n entries);
n entries - 0;

)
add cell(label,fcmat,luB,ncell,index,-density,nuniverse)I
cchan - *ncell;

/* - Surfaces */
fprintf(lu8," (M);
sprintf(label, Wide Gap, Channel Outside Wall, pX Surface, Lti"
,nlat):

strcpy(mnemonic,"px");
index - 1;
sprintf(value,"%l0.4E1,wgcowx);
add surface(0,label,mnemonic,lu8,1u9,&index,value

,ptr surfaceusage,nsurface);
sprintf(label,"Wide Gap, Channel Inside Wall, pX Surface, Lti"
,nlat);

strcpy(mnemonic,"px");
index - -1;
sprintf(value,"%l0.4E",wgciwx);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, L%i"
,nlat);

strcpy(mnemonic,"py");
index - -1;
sprintf(value,"%10.4E",yambigl);
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add surface(O,labelemnemonic,lu8,lu9,&index,value
,ptr surface usagensurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, L%i"
,nlat);

strcpy(mnemonic,"py");
index = 1;
sprintf(value,"%10.l4E",yambig2);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);
fprintf(lu8, ") ;
sprintf(label,"Wide Gap, Channel Outside Wall, pY Surface, L%i"
,nlat);

strcpy(mnemonic,"py");
index - -1;
sprintf(value,"%lO.4E",wgcowy);
add surface(0,label,mnemonic,1u8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Wide Gap, Channel Inside Wall, pY Surface, LUiP
,nlat);

strcpy(mnemonic, "py");
index - 1;
sprintf(value,"%l0.4E",wgciwy);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Li"
,nlat);

strcpy(mnemonic,"px");
index - 1;
sprintf(value,"%l0.4E",xambigl);
add surface(0,label,mnemonic,luB,lu9,&index,value
,ptrsurfaceusage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Li"
,nlat);

strcpy(mnemonic,"px");
index - -1;
sprintf(value,"%l0.4E",xambig2);
add surface(0,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);

fprintfClu8,"):\n");
fprintf(luB,"
sprintf(label,*Narrow Gap, Channel Inside Wall, pY Surface, Lsi"
,nlat);

strcpy(mnemonic,"py");
index - -1;
sprintf(value,"%l0.4E",ngciwy);
add surface(0,label,mnemonic,1u8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Narrow Gap, Channel Outside Wall, pY Surface, L%i"
,nlat);
strcpy(mnemonic; "py");
index - 1;
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sprintf(value,"%10.4E",ngcowy);
add surface(Olabelmnemoniclu8,lu9,&indexvalue
,ptrsurface usagensurface);

sprintf(label.
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Li"
,nlat);

search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if(index -- 0){
line~s(3) ;
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout
, Surface Not Found in Linked List, label - %s\n",label);

abort);)
add surface(l,label,",lu8,1u9,&index, ",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, L%i"
,nlat);

search surface usage list(l,label,&index, "", "N"-
,ptr surface usage);

if(index -- 07(
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
,* Surface Not Found in Linked List, label - %s\n",label);

aborto0;)
index - -index;
add surface(l,label,", luB,1u9,&index, n",ptrsurface usage
,nsurface);

fprintf(lu8,"):( );
sprintf(label
,"Narrow Gap, Channel Inside Wall, pX Surface, L%i"
,nlat);

strcpy(mnemonic,"px");
sprintf(value,"%10.4E",ngciwx);
add surface(0,label,mnemonic,lu8,1u9,&index,valueptrsurface usage
,nsurface);

sprintf(label
,"Narrow Gap, Channel Outside Wall, pX Surface, L%i"
,nlat);

strcpy(mnemonic, "px");
sprintf(value,"%l0.4E",ngcowx);
index - -1;
add surface(O,label,mnemonic,lu8,1u9, Lindex,valueptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Li"
,nlat);

search surface usage list(l,label,&index,"", "","'
,ptr surface usage);

if(index -- 07(
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lines(3);
fprintf(nout,I"o*** F a t a 1 E r r o r *** Function");
fprintflnout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0)

add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
*nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, L%i'
,nlat);

search surface usagelist(l,label,&index,"","", n"
,ptr surfaceusage);

if(index -- ll
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r **I Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

index - -index;
add surface l,label,"",luB,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8,"):\n");
fprintf(lu8," 0");

/* - Channel Corners */
- Northwest Corner */

sprintf~label,"Channel Corner Outer Radius (NW), L%i"
,nlat);

strcpy(mnemonic, 'c/z");
index - -1;
sprintf(value,"%l0.4E %10.4E %10.4E",cclxccly,ccro);
add surface(0,label,mnemonic,1u8,1u9,Lindex,value
,ptr surface usage,nsurface);

sprintf(label,"Channel Corner Inner Radius (NW), L%i"
,nlat);

strcpy(mnemonic,"c/z");
index - 1;
sprintf(value,"%10.4E t10.4E %10.4E",cclx,ccly,ccri);
add surface(0,label,mnemonic,1u8,lu9, index,value
,ptr surface-usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Liw
,nlat);

search surface usage list(l,label,6index," ,@",""
,ptr surface usage);

if(index -- O)
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(lout

," Surface Not Found in Linked List, label - %s\n",label);
abort();)

add surface(l.label,"",luB,1u9,&index,"",ptr surface usage
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,nsurface);
sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

search surface usage list(l,label,&index,n", "1r,""

,ptr surface usage);
iffindex -- 6H

lines(3);
fprintf(nout,fO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto);)

index - -index;
add surface(l,label,"",lu8,lu9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8,"):(W);
/* - Northeast Corner */
sprintf(label,"Channel Corner Outer Radius (NE), L%i"
,nlat);

strcpy(mnemonic,"cfz1);
index - -1;
sprintf(value,"%l0.4E %10.4E %10.4E",cc2x,cc2y,ccro);
add surface(0,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,TChannel Corner Inner Radius (NE), Lti"
,nlat);

strcpy(mnemonic,"c/z");
index - 1;
sprintf(value,"%10.4E %10.4E %l0.4E",cc2x,cc2y,ccri);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, L%i'
,nlat);

search surface usage list(1,label,&index,"","",nnt
,ptr surface usage);

if(index -- 0){
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n"):
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label):
aborto;:1

add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LUi"
,nlat);

search surface usage list(l,label,&index,"",",",""
,ptr surface usage);

if(index - 0)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
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fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
,n Surface Not Found in Linked List, label - Ss\n",label);

abortoU;)
add surface(l,label,"",lu8,lu9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8,"):\nt);
fprintf(lu8," (n) ;

/* - Southeast Corner */
sprintf(label,"Channel Corner Outer Radius (SE), Li'
,nlat);

strcpy(mnemonic, "C/Z");
index - -1;
sprintf(value, "10.4E %10.4E %10.4E",cc3x,cc3y,ccro);
add surface(O,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Channel Corner Inner Radius (SE), L%i"
,nlat);

strcpy(mnemonic, c/z");
index - 1;
sprintf(value,"%10.4E %10.4E %10.4E",cc3x,cc3y,ccri);
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label*
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Li"
,nlat);

search surface usage list(l,label,&index,"", nf

,ptr surface usage);
if(index -- 07(
lines(3);
fprintf(nout,nO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto);)

add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Li
,nlat);

search surface usage list(l,label,&index,"',"",""
,ptr surface usage);

if(index -- ){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
abortoU;)

index - -index;
add surface(l,label,"",1u8,lu9,&index,"",ptr surface usage
,nsurface);
fprintf (1u,"):(i);

/t - Southwest Corner */



Waste Package Opemtions Calculation (Attachment)

Title: Listing of Routines and Functions for BLINK, Version 0
Document Identifier BOOOOOOO-01717-0210-00010 REV OlAttachment XIV Page 172 of 241

sprintf(label,"Channel Corner Outer Radius (SW), LUi"
,nlat);

strcpy(mnemonic, "c/z");
index - -1;
sprintf(value,"%10.4E %10.4E %l0.4E1,cc4x,cc4y,ccro);
add surface(O,label,mnemonic,1u8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Channel Corner Inner Radius (SW), L%i"
,nlat);

strcpy(mnemonic,"c/z");
index - 1;
sprintf~value,"%10.4E %10.4E %10.4E",cc4x,cc4y,ccri);
add surface(O,label,mnemonic,lu8,lu9,&index,value
,ptr-surface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, L%i"
,nlat);

search surface usage list(l,label,&index,"", "",""
,ptrsurfaceusage);

if(index -- O)
lines(3);
fprintf(nout,wO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

aborto0;)
index - -index;
add surface(l,label,"",luB,lu9,&index,"",ptr_surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, L"-
,nlat);

search surface usage list (l,label, &index, H w, ""
,ptr surface usage);

if(index -- -)l
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

abort();)
index - -index;
add surface(l,label, "",l u8,1u9,&index,"",ptr surface usage
,nsurface);

fprintfClu8,")\n");
fprintf(lu8," u- Si imp:n- l.0\n",uchan);

/* - Materials */
if(n entries I- 0){
add material(lulO,nmaterial,fcmat,n entries,ptr mtl);
rollupllmCptr-mtl);
n entries - 0;)

/* - Area Inside the Channel- - - - - - - - - - - - - *
/* - Cell */
sprintf(label,"Active Fuel Area, LSi",nlat);
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stropy(materialinchannel-material);
search usage list(l,material,&index,ptrjmaterial usage);
if (index -- O)1

lines(3);
fprintf(nout, "o*** F a t a 1 E r r o r * Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Material Not Found in Linked List, material - %s\n",label);
abort();}

add cell(label,material,luB,ncell,index,-inchannel density,nuniverse);
cwic - *ncell;

/* - Surfaces /
fprintf(1u8," (");
sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Li"
,nlat);

search surface usage list(l,label,&index,""',"",""
,ptr surfaceusage);
if (index -- 0)1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf (nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

.addsurface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LUi"
,nlat);

search surface usagejlist(l,label,&index,""n,'"' ,"n
,ptr surface usage);

if(index -- O){
lines(3);
fprintf(nout,"O*** F a t a I E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\nl,label);
aborto0;)

index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Wide Gap, Channel Inside Wall, pY Surface, Li"
,nlat);

search surface usage list(l,label,&index, ","",""
,ptr surface usage);
ifindex -- 01{
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function');
fprintf(nout," ge7x7 lattice --\n");
fprintf(fnout

," Surface Not Found in Linked List, label - ts\n",label);
aborto0;)
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index - -index;
add surfaceCl,label,"",lu8,lu9,&index,n",ptr surface usage
,nsurface);

sprintf(label
,"Narrow Gap, Channel Inside Wall, pY Surface, L%i"
,nlat);

search surface usage list(l,label,&index,"", "","
,ptr surface usage);
ifindex -- 0)l
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

, Surface Not Found in Linked List, label - %s\n",label);
aborto() :

add surface(l,label,"",lu8,1u9,6index,"",ptr surface usage
,nsurface):

fprintf(lu8,"): C);
sprintf(label
,"Wide Gap, Channel Inside Wall, pX Surface, Li"
,nlat);

search surface usagelist(l,label,&index," f, "N"
,ptr surfaceusage);
if(index -- 0)(
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

aborto0;)
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, L%i"
,nlat);

search surface usagelistCl,label,6index,"","",""
,ptr surface usage);

if(index -- 0){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abort();)

index - -index;
add surface(l,label, ",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, L%i"
,nlat);

search surface usage list(l,label,&index,"',"",""
,ptr surface usage);

if(index -- 0)1
lines(3);
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fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto();

index - -index;
add surface l,label,"",luB,1u9,&index, ",ptrsurface usage
,nsurface);

sprintf(label
,'Ambiguity Surface for Channel Corners (Narrow Gap), pY, Li"
,nlat);

search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if(index -- 0)4
lines(3);
fprintflnout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

add surface(l,label,n",lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8," ):\n
sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti
,nlat);

search surface usage list(l,label,&index,n", ", "
,ptr surface usage);

ifa(index - 0)1
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

,' Surface Not Found in Linked List, label - %s\n',label);
abort 0;)

add surface(l,label, '",lu8,lu9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Narrow Gap, Channel Inside Wall, pX Surface, Li"
,nlat);

search surface usage list(l,label,&index,nn,"",""
,ptr surface usage);

if(index - 0)1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n',label);

abortl);)
index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, LU"



Waste Package OPCrRt!Ons Calculation (Attachment)

Title: Listing of Routines and Functions for BLINK, Version 0
Document Identifier BOOOOOO0-01717-0210-O0O10 REV 01 Attachinent XIV Page 176 of 241

,nlat);
search surface usage list(l,label, index,"","","'I
,ptr surface usage);

if(index -- OTl
lines(3);
fprintf(nout,i"O*** F a t a 1 E r r o r Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s~n",label);
abort;):1

index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Li"
,nlat);

search surface usage listll,label,&index,"", ",'I
,ptr surface usage);

if(index -- )1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge~x7_lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s~n",label);

abort();)
add surface(l,label, ",lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8,fN):(");
sprintf(label
,"Channel Corner Inner Radius (NW), LUi"
,nlat);

search surface usage list(l,label,&index,"Nnfl"N
,ptr surface usage);

if(index -- O)(
lines(3);
fprintf(nout,*O*** F a t a 1 E r r o r *** Function");
fprintflnout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

aborto0;)
index - -index;
add surface l,label,"",lu8,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, LUi"
,nlat);

search surface usagelist(l,label,&index,"", N, N
,ptr surface usage);

if(index -- O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n", label);
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abort() ; )
index - -index;
add surface(l,label, n" wluB,1u9,&index, "nptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, L%i"
,nlat);

search surface usage list (l,label,&index, "","n

,ptrsurface-usage);
if(index -- O){

iines(3);
fprintf(nout,"O*** F a t a 1 E r r o r Function");
fprintf(nout,w ge7x7_lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label -s\n",label);

abort();)
add surface(l,label,",lu8,1u9,&index,"nptr surface usage
,nsurface);

fprintf(lu8,"):\n");
fprintf(lu8," nf) ;
sprintf(label
,"Channel Corner Inner Radius (NE), Li"
,nlat);

search surface usagelist(l,label,&index,"","",""
,ptr surface usage);

if(index -- 0)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abortoC;)

index - -index;
add surface(l,label, "", u8,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

search surface usage list(l,label,&index,"","",""
,ptrsurface usage);

if(index -M 07)
lines(3);
fprintf(nout,ifO*** F a t a 1 E r r o r Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

add surface(l,label," nlu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY,. Lti"
,nlat);

search surfaceusage list(l,label,&index, ""," ",
,ptrsurfaceusage);
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if(index -O 0)l-
lines(3);
fprintf(nout,"D*** F a t a 1 E r r o r *** Function");
fprintf(nout,," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

add surface(l,label, ",lu8,1u9,&index, "",ptr surface usage
,nsurface);

fprintf(lu8,"): ");
sprintf(label
,"Channel Corner Inner Radius (SE), Lti"
,nlat);

search surface usage list(l,label,&index, "", "","
,ptr surface usage);

if (index -- 0)4
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abortl);}

index - -index;
add surface(l,label,"",luB,1u9, index,"',ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LUii
,nlat);

search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if(index -- 0)t
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

aborto0;)
add surface(l,label,"",lu8,1u9,&index,n",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Liiw
,nlat);

search surface usage list(l,label, index,""," , I

,ptr surface usage);
if(index -- 0)l
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintflnout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
abort 0;)

index - -index;
add surface(l,label,"",lu8,1u9,&index,",ptr surface usage
,nsurface);
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fprintf(lu8,"):\n'");
fprintf(lu8," M");
sprintf(label
,"Channel Corner Inner Radius (SW), Li"
,nlat);

search surface usage list(l,label,&index,"", ", ".

,ptr surfaceusage);
if(index -- O)

lines(3);
fprintf(nout,w0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto);)

index - -index;
add surface(l,label,"",luB,1u9,&index, ",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, L%i"
,nlat);

search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if(index -- 0)1
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function');
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

index - -index;
add surface(l,label,"",luB,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Li"
,nlat);

search surface usage list(l,label,&index,"","",""
,ptr surfaceusage);

if(index -- 0H
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

,' Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

index - -index;
add surfacell,label,"",luB,1u9,&index,"",ptr surface usage
,nsurface);

.fprintf(lu8,")\n");
fprintf lu$," fill- %i u- ti imp:n- 1.0\n",ufrl,uchan);
lines l);
fprintf(nout," Filled with Universe %i\n",ufrl);

/* - Area Outside the Channel - - - - - - - - - - - - - - - - - - -*
t* - Cell */
sprintf(label,"Water Outside of Channel, L%i",nlat);
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strcpy(material,"Bypass Water");
search usage list(l,material,&indexptr material usage);
if(index -- =H

lines(3);
fprintf(nout,iO*** F a t a 1 E r r o r * Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout
," Material Not Found in Linked List, material - ts\n",label);

aborto();
add cell(label,material,lu8,ncell,index,-bypass density,nuniverse);

/* - Surfaces */
/* - Regions Outside of Four Channel Walls */
fprintf(lu8," (nw);

sprintf(label,"Wide Gap, Channel Outside Wall, pX Surface, Li"
,nlat);

search surface usagelist(l,label,&index,".,",""
,ptr surface usage);

if(index mm O)I
lines(3);
fprintflnout,uO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abort o).

index - -index;
add surface(l,label,"",1u8,lu9,&index,"",ptr surface usage
,nsurface);
fprintf(lun,"
sprintf(label,"Wide Gap, Channel Outside Wall, pY Surface, LUi"
,nlat);

search surface usage list(l,label,&index, "", "",""

,ptr surface usage);
if(index - 0)(
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

,' Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

add surface(l,label,"",lu8,1u9,sindex,"",ptr surface usage
,nsurface);

fprintf(lu8," : ");
sprintf(label,"Narrow Gap, Channel Outside Wall, pX Surface, Lti"
,nlat);

search surface usage list(l,label,&index,"",""4
1"

,ptr surface usage);
if(index -- mm1

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label %s\n",label);
abort 0;)

add surface(l,label,"",lu6,1u9,&index, "",ptr surface usage
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,nsurface);
fprintf(lu8," : );
sprintf (label, "Narrow Gap, Channel Outside Wall, pY Surface, Li"
,nlat);

search surface usage list(l,label,&index, ","",""
,ptr surface usage);

iflindex -- 0)I
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r * Function");
fprintf(nout," ge7x7 lattice --\n*);
fprintf(lnout

," Surface Not Found in Linked List, label - %s\n",label);
abort();:

index - -index;
add surface(l,label,"",luB,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8," ):\n");
/* - Regions Outside of Channel Outside Corners -- NW Corner */
fprintf(1u8,"
sprintf(label,"Channel Corner Outer Radius (NW), L%i",nlat);
search surface usage list(l,label,&index,"","",""
,ptr;surface usage);

if(index -- 0)I
lines(3);
fprintf(nout,i"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

add surface(l,label,"I,lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, L%i'
,nlat);

search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if(index -- O=l
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintftnout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto():

index - -index;
add surface(l,label,'",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Li"
,nlat);

search surface usage list(l,label, index, "", "", ""
,ptr surface-usage);

if(index -- 0)I
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
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fprintf(nout," ge7x7 lattice --\n*);
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

abort();)
add surface(l,label,"", luS lu9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8," ):\n");
.*/ - Regions Outside of Channel Outside Corners -- NE Corner /

fprintf(luB," M");
sprintf(label,"Channel Corner Outer Radius (NE), L%i",nlat);
search surface usage list(l,label,&index, ","",""
,ptr surface usage);

if(index -- O)(
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r ** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - Is\n",label);

aborto0;)
add surface(l,label, ",luB,1u9, index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

search surface usage list(l,label, index, nn",t @t"I,
,ptr surface usage);

if index - 0)1
lines(3);
fprintf(nout,s0*** F a t a 1 E r r o r *** Function');
fprintf~nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

aborto();
add surface(l,label,"",luB,lu9,&index, "",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search surface usage list(l,label,&index, "","", ""
,ptr surface usage);

if(index -- o)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - Is\n",label);

abort();)
add surface l, label, "", lu8 lu9, &index, "",ptr surface usage
,nsurface); .

fprintf(lu8," ):\n");
/* - Regions Outside of Channel Outside Corners -- SE Corner */
fprintf(lu8," (3);

sprintf(label,"Channel Corner Outer Radius (SE), Lti",nlat);
search surface.usage list(l,label,&index,"", "",""
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,ptr surfaceusage);
if(index -- 0(
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *t* Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(fnout

," Surface Not Found in Linked List, label - ts\n",label);
aborto0;)

add surface(l,label, "",1u8elu9, &index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LUi"
,nlat);

search surface usagelist(l,label,&index, n " WhI

,ptr surfaceusage);
if (index -- 0)I

lines(3);
fprintf(nout,"O*** F a t a I E r r o r * Function");
fprintf(nout," ge7x7 lattice --\n");
fprintflnout
," Surface Not Found in Linked List, label %s\n",label);

aborto0;)
add surface(l,label, "", lu8 lu9, index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, L%i"
,nlat);

search surface usage list(l,label,&index, ", nf, I
,ptr surface usage);

if(index -= ONI
lines(3);
fprintf(nout,*O*** F a t a 1 E r r o r ** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

abortM;)
index - -index;
add surface(l,label, "",luS,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8," ):\n");
t* - Regions Outside of Channel Outside Corners -- SW Corner */

fprintfClu8," (");
sprintf(label,"Channel Corner Outer Radius (SW), L%i",nlat);
search surface usage list(l,label,&index,n"" ,"" "

,ptr surface usage);
if(index -- 0N

lines(3);
fprintf(nout,'0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

abortl);)
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);
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sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, LUi"
,nlat);

search surface usage list(llabel,&index,"",'""" n
,ptrsurface usage);

if(index -- O)l
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice -- \n");
fprintf(nout

, Surface Not Found in Linked List, label - %s\n",label);
aborto);)

index - -index;
add surface(l,label, "",lu8,lu9, index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, L%i"
,nlat);

search surface usagelist(l,label,&index,ng,"","*
,ptr surface usage);

iflindex - O)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n',label);
abort();)

index - -index;
add surface(l,label,"",lu5,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8," ) \n");
fprintf(luB," u- Si imp:n- l.O\n",*nuniverse);

/* - Assigned Universe Number to Return Variable '/
*ufl - uchan;

}
Function ge8x8attlceswr
Uinclude <stdio.h>
linclude <string.h>
typedef char ascii stringl133];
typedef struct ascii recordl

struct ascii record *last;
asciistring line;
struct ascii record *next;

) a record;
typedef struct s materiall

struct s material *last;
int atomic number;
int mass number;
float weightpercentage;
char library suffix[51;
struct s material *next;
} 11 material;
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typedef struct u-list(
struct u list *last;
int index;
ascii string label;
struct u list *next;

) usagelist;

typedef struct su-list(
struct su_list *last;
int index;
ascii string label;
ascii string value;
char mnemonic[41;
ascii string equivalent label;
struct sulist *next;
surface usage list;

typedef struct fuel geometryl
int latdim;
int nwr;
float cthick;
float asin;
float wgap;
float ngap;
float cradius;
float fsrd;
float cfsrd;
float rpitch;
float cod;
float cld;
float pod;
char frcmat16];
char fcmat[63;
} fg-list;

void add cell(char[1,charU],FILE *,int *,intfloatint *);
void add surface(int,charf],char[],FILE *,FILE *,int *,char[)]
,surface_usage list *,int *);

void addmaterial(FILE *,int *,charfl,int,ll material *);
11 material *material match(a record *,char],float *,int *);
usage list *load usage list(char[l,int,usagelist *);
surface usage list *char],int
,char[],char[],char(],surface usage list ");

void abortll:
void lineslint);
void search usage list(intchar[l,int *,usagelist *);
void search surface usage list(int,char1],int *,char[l,char[j
,char (,surface usage list *);

void add like but(char(],char[1,FILE *,int *,char[J,int,int "3;

void ge8x8 lattice swr(float cthick,float asin,float wgap,float ngap
,float cradius,float fsrd,float cfsrd,float rpitch,float cod
,float cld,float pod,char frcmatt),char fcmat[j,int latdim,int nft
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,int *lattice,inlt *ncell,int *nmaterial,FILE *1u8,FILE *lu9
,FILE *lulO, surface usage list *ptr-surface usage
,usage list *ptr material-usage, float inchannel-density
,float bypass density,int *nuniverse, float *fp d~ensity
,ascii string matdsnam,1l material *fmids,a-record *ptr core-mtls
,int n-lat,int *ufl,int *nsurface,char inchannel material ())

- g e 8x68 I la tt ice s wr * Create Lattice Model for
GE 8x8 Lattice with Water
Rods the same Size as the
Fuel Rods

Argun~
C

CZ

I

1

1

la

nmat

ient.(s):
,thick -Channel Thickness (cm)
asin -Inner Span of Channel (cm)
wgap- Wide Gap Thickness (cm)
ngap -Narrow Gap Thickness (cm)

radius -Inner Radius of Channel Corner (cm)
fsrd -Clad Surface to Clad Surface Separation

(cm)
cfsrd -Clad Surface to Inner Channel Surface

Separation (cm)
-pitch- Fuel Rod Pitch (cm)

cod- Cladding Outer Diameter (cm)
cld- Cladding Thickness (cm)
pod- Fuel Pellet Outer Diameter (cm)

:rcmat -Material Identifier for Fuel Rod Cladding
fcmat -Material Identifier for Channel
.atdimn Lattice Dimensionality

nft - Number of Unique Fuel Rod Types
tttice - Fuel.Rod Type Map
ncell - number of MCNP cells
~erial - number of MCNP materials

luB - stream pointer to scratch file for cell do
itions

lu9 - stream pointer to scratch file for surfaco
definitions

lu1O - stream pointer to scratch file for materi4
definitions

(input)
(input)
(input)
(input)
(input)
(input)

(input)

(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)

(i&o)
(i&o)

(input)

(input)

(input)

(input)

(input)

(input)

(input)
(i&o)

(input)
(input)
(input)

ef in-

mlk

-- ptr surface usage
- - - ~list of defined surfaces

--ptr material usage
- - - ~list of defined materials

--inchannel density
- - - ~density for in-channel moderator (g/cc)

--bypass-density
- - - ~density for bypass moderator (g/cc)

-- nuniverse - number of MCNP "universes"
- - fpd0ensity - density for fuel pellets
- - matdsnam - name for fuel intermediate material dataset
- - fmids - linked list for fuel material composition
- - ptr core mtls

- - - ~pointer to linked list containing core mat-
- - ~~erial definitions

(input)
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nlat - index for unique lattice for which to create
MCNP lattice model

ufl - index for universe that contains the entire
lattice representation

nsurface - total number of surfaces
inchannel material

- mnemonic for inchannel moderator material

(input)

(input)

(input)

(input)

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)

n - index for loops
len - length of ascii strings
idex - utility variable for indices
ies - number of entries in linked list for fuel material

in
n entz

- - ufr -
- - ufrl -
- - uchan -
- - cchan -
- - cwic -
- - ncpellet -
- - ncgap -
- - ncclad -
- - ncwater -
- - uwr -

*/
short int n;
int len - 132,
int n entries;
lnt ufr, ufrl,
int cchan, cwic
int ncpellet, r

/* - Float Variak

universe index
universe index
universe index
cell index for
cell index for
cell index for
cell index for
cell index for
cell index for
universe index

for first fuel rod
for fuel rod window lattice
for channel and contents
channel
area inside channel
reference fuel pellet
reference fuel/cladding gap
reference cladding
water outside of reference fuel rod
for water rod

length, index;

uchan, uwr;
c;

icgap, ncclad, ncwater;
ble(s)

spor
scir
scor

xminfrw
xmaxfrw
yminfrw
ymaxfrw
wgcowx
wgciwx
ngciwx
ngcowx
wgcowy
wgciwy
ngciwy
ngcowy
xambigl
xamnbig2
yambigl
yambig2

ccro
ccri

reference fuel pellet outer surface
reference cladding inner surface
reference cladding outer surface
XMIN surface for fuel rod window
XMAX surface for fuel rod window
XMIN surface for fuel rod window
YMAX surfacr for fuel rod window
wide gap, channel outside wall, px surface
-wide gap, channel inside wall, px surface
narrow gap, channel inside wall, px surface
narrow gap, channel outside wall, px surface
wide gap, channel outside wall, py surface
wide gap, channel inside wall, py surface
narrow gap, channel inside wall, py surface
narrow gap, channel outside wall, py surface
ambiguity surface for channel corners (wide gap)
ambiguity surface for channel corners (narrow gap)
ambiguity surface for channel corners (wide gap)
ambiguity surface for channel corners (narrow gap)
outer radius for channel corner
innner radius for channel corner
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*1

cclx
ccly
cc2x
cc2y
cc3x
cc3y
cc4x
cc4y

density
x ofset
y_ofset

center for channel corner 1
center for channel corner 1
center for channel corner 2
center for channel corner 2
center for channel corner 3
center for channel corner 3
center for channel corner 4
center for channel corner 4
density for material
x-offset for fuel rod centering
y-offset for fuel rod centering

to base lattice position
to base lattice position

float spor, scir, scor,xminfrw,xmaxfrw,yminfrw,ymaxfrw,wgcowx,wgciwx
,ngciwxngcowxwgcowy,wgciwy,ngciwy,ngcowy,xambigl,xambig2,yambigl
tyambig2,ccroccri,cclx,ccly,cc2x,cc2y,cc3x,cc3y,cc4x,cc4y;

float density,x -ofset,y_ofset;
/* - Character Variable(s)

- - label - label for cell or surface
- - material - label for cell material for output edit
- - mnemonic - MCNP mnemonic for surface definition
- - value - surface defintion values in string form
- - mdsnam - working pointer for lattice material intermediate
- - dataset name

'1
char mnemonic[43;
ascii string label,material,value,

/* - FILE Variable(s)
- - nout - output file

*/
extern FILE *nout;

/* - Structured Variable(s)
- - ptr-mtl - pointer to material

*/
11_material *ptr mtl;

/* - Compute Surfaces for Lattice -

spor - pod/2;
scir - (cod/2)-cld;
scor - cod/2;
xminfrw - -rpitch/2;
xmaxfrw - rpitch/2;
yminfrw - -rpitch/2;
ymaxfrw - rpitch/2;
wgcowx - wgap;
wgciwx - wgap+cthick;
ngciwx - wgap+cthick+asin;
ngcowx - wgap+(2*cthick)+asin;
wgcowy - -wgap;
wgciwy - -(wgap+cthick);
ngciwy - -(wgap+cthick+asin);
ngcowy - -(wgap+(2*cthick)+asin);
xambigl - wgap+cthick+cradius:
xambig2 - wgap+cthick+asin-cradiug
yambigl - -(wgap+cthick+cradius);
yambig2 - -(wgap+cthick+asin-cradJ

definition linked list

- - - - _ - - */
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ccro - cradiuS+cthick;
ccri - cradius;
cclx - wgap+cthick+cradius;
ccly - -(wgap+cthick+cradius);
cc2x - wgap+cthick+asin-cradius;
cc2y - -(wgapfcthick+cradius);
cc3x - wgap+cthick+asin-cradius;
cc3y - -(wgap+cthick+asin-cradius);
cc4x - wgap+cthick+cradius;
cc4y - -(wgap+cthick+asin-cradius);

/* - compute offset-to move fuel-rod to reference location */
x ofset - wgap+cthick+cfsrd+(cod/2);
y ofset - -x ofset;

1* - Build Lattice Model Starting with Fuel Pellet - - - - - - - - -*
for( n - 0; n < nft; n++)I

(*nuniverse)++;(*nmaterial)++;
if(n -- 0) ufr - *nuniverse;

/* - Pellet Cell */
sprintf(label,"Fuel Pellet, t%i, L%i", (n+l),nlat);
sprintf(material, "%s (%i) ",matdsnam,(n+l));
search usage list(l,material,&index,ptr material usage);
if(n -- 0)1

if (index - 0){
add cell(label,material,lu8,ncell,*nmaterial,-(*fp density)

,nuniverse);
n entries - 1;)

else{
add cell(label,material,lu8,ncell,index,-(*fp density)
,nuniverse);

n entries - 0;)
ncpellet - *ncell;)

else(
if(index -. 0)4
sprintf(value,"mat- ti rho- %10.4E"

**nmaterial,-(*fp density));
n entries - 1;l

elsel
sprintf(value,"mat- %i rho- %10.4E"
,index,-(*fp density));

n entries - 1;)
add like but(label,material,lu8,ncell,value,ncpellet

,nuniverse);)
I usage list *ptr-ml - ptr material usage;
while(ptr ml->next N- NULL) ptr ml - ptr ml->next;
index - (ptr ml->index)+l;
ptr ml - load usage list(material,index,ptr ml);

fp density++;
/* - Pellet Surface */

if(n - 0)1
strcpy(label,"");
sprintf(label,"Fuel Pellet Outer Surface, Iti, L%i"
,(n+l),nlat);

strcpy(mnemonic,"c/z');

I0
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strcpy(value,"");
sprintf(value,"%10.4E %10.4E %10.4E1,x-ofset,y Ofset,spor);
index - -1;
add surface(0,label, mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

/* - Pellet Materials */
sprintf(label,"%s (%i)",matdsnam,(n+l));

J* - Determine number of entries in Linked List */
if(n entries -- 1)(
I 11 material *f - fmids;
do(
f - f->next;
n_entries++;)

while(f->next !- NULL);
}
add material(lulO,nmaterial,label,n entries,fmids);

if(n < (nft+l)) frids++;
fprintf(luS," u- %i imp:n- 1.0\nm,(ufr+n));

/* - Fuel/Cladding Gap - - - - - - - - - - - - - - - - - - - - - - -*
/* - Cell */

sprintf(label,"Fuel/Cladding Gap, #%i, L%i",(n+1),nlat);
strcpy(material,"void");
if(n -- 0)l
add cell(label,material,lu8,ncell,0,0.0,nuniverse);
ncgap - *ncell;)

else
add like but(label,material,lu8,ncell,"",ncgap,nuniverse);

J* - Surfaces */
if(n - 0)4
sprintf(label,"Fuel Pellet Outer Surface, #Si, Li",(n+1),nlat);
search surface usage list(l,label,&index,"","",""
,ptr surface.usage);

if(index -- 0H
lines(3);
fprintf(nout,30*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abort();)

add surface(l,label,n", lus,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label,"Fuel Cladding Inner Surface, Mi, L%i",(n+1),nlat);
strcpy(mnemonic, c/z");
index - -1;
sprintf(value,"%10.4E %10.4E I10.4Enx 'ofset,y ofset,scir);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

/* - Material -- void used */
fprintf(lu8," u- Si imp:n- 1.0\n',(ufr+n));

/* - Cladding - - - - - - - - - - - - - - - - - - - - - - - - - - -
/* - Cell */
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Sprintf(label,"Cladding #%i, Lti", (n+l),nlat);
strcpy(material,frcmat);
if (n - 0)I

search usage list(l,frcmat,&index,ptr material usage);
n entries - 0;
if(index -- 0
I usage list *ptr ml;
ptr mtl -
material match(ptr core mtls,frcmat,&density,&n entries);
(*nmaterial).+;
ptr ml - ptr material usage;
while(ptr ml->next !- NULL) ptr ml - ptr ml->next;
index - (ptr ml->index)+l;
ptr ml - load usagelist(frcmat,index,ptr ml);

else(
(void) material match(ptr core mtls,frcmat,&density,4n entries);
n-entries -.0;I

add cell(labelmaterial,lu8,ncell,index,-density,nuniverse);
ncclad - *ncell;)

else
add like but(label,material,lu8,ncell, "nncclad,nuniverse);

/* - Surface(s) */
if(n - 0)(
sprintf(label,"Fuel Cladding Inner Surface, #%i, L%i",(n+l),nlat);
search surface usage list(l,label,&index, tn, wne et

,ptr surface usage);
if(index -- 0)(

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

I" Surface Not Found in Linked List, label - Ss\n",label);
abort 0;)

add surface(l,label, ", luB, 1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label,"Fuel Cladding Outer Surface, Iti, Li", fn+l),nlat);
strcpy(mnemonic, "c/z");
index - -1;
sprintf(value,*%l0.4E 810.4E %10.4E",x ofset,yofset,scor);
add surface(0,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);

/* - Material /
ifln -- 0)1
ifln entries !- 0)l

add material(lulOnmaterial, frcmat,n entries,ptr mtl);
rollupllm(ptr mtl);
n entries - O0;

I
fprintf(lu8," u- Si imp:n= 1.O\n",(ufr+n));

/* - Water Outside of Outer Surface of Cladding - - - - - - - - - -*
/* - Cell */
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sprintf(label,"water Outside Cladding *%i, Li",(n+1),nlat);
strcpy(material,inchannel material);
if(n -- 0H

search usagelist(l,material,&index,ptr material usage);
if(index -_ 0)_

lines(3);.
fprintf(nout,no*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(fnout
," Material Not Found in Linked List, material - %s\n"
,material);

abort C;)
add cell(label,material,lu8,ncell,index,-inchannel density
,nuniverse);

ncwater - *ncell;)
else

add like but(label,material,lu8,ncell,"",ncwater,nuniverse);
/* - Surface */

if(n -- Of
sprintf(label,"Fuel Cladding Outer Surface, I%i, Li",(n+l),nlat);
search surface usage list(l,label, Lindex, ", "","
,ptr surface usage);

if(index - 0)1
lines(3);
fprintf(nout,NO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge'x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

abort();J
add surface(1,label,", luS lu9,&index,"",ptr surface usage
,nsurface);

)
/* - Materials */
/* - In-channel Material should already exist as a material */

if(n -- 0) fprintf(1u8,"\n");
fprintf(1u8," u- %i imp:n- l.O\n",(ufr+n));

/* - Create Water Rod for Lattice - - - - - - - - - - - - - - - - -*
/* - Water */

(*nuniverse)++;
uwr - *nuniverse;
sprintf(label, 'Water Rod Center, Li',nlat);
strcpy(material,inchannel material);
search usage list(l,material,&index,ptr material usage);
if(index -- 0)4

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r Function");
fprintf(nout," ge8x8 lattice swr --\n");
fprintflnout," Material Not Found in Linked List, material -%sn"
,material);

abort4;)
add cell(label,material,lu8,ncell,index,'-inchannel density
,nuniverse);

/* - Surfaces /
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sprintf(label,"Fuel Cladding Inner Surface, #1, Lti",nlat);
search surface usage list(1,label, index,"","", "-
,ptrsurfaceyusage);

if(index -- 0)H
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abort();}

index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8," u- %i imp:n- 1.0\n",uwr);
/* - Cladding */
sprintf(label,"Water Rod Cladding, Lli",nlat);
strcpy(material,frcmat);
search usage list(l,material, index,ptr material usage);
if(index -- Ol

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Functionw);
fprintf(lout," geBx8 lattice swr --\n");
fprintf(nout," Material Not Found in Linked List, material -%s\n"
,material);

abort );1
(void) material match(ptr core mtls,frcmat,&density,&n entries);
add cell(label,material,lu8,ncell,index,-density
,nuniverse);

/* - Surfaces */
sprintf(label,"Fuel Cladding Inner Surface, 11, Li",nlat);
search surface usage list(l,label, &index,"", ",""
,ptr surface usage);

if(index -- 0){
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
aborto0;)

add surface(l,label," ,lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label,"Fuel Cladding Outer Surface, 11, L%i",nlat);
search surface usage list(l,label,&index, ","",""
,ptr surface usage);

if(index mm--)1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto);)

index - -index;
add surface(l,label,"",luB,1u9,&index,"",ptr surface usage
,nsurface);
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fprintf(lu8," u- ti imp:n- 1.O\n",ruwr);
/* - Water Outside of Outer Surface of Water Rod */
sprintf(label,"water Outside of Water Rod, Lti",nlat);
strcpy(materialinchannel material);
search usage list(l,material,&index,ptr material usage);
if(index -- 0)

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintflnout," geex8 lattice swr --\n");
fprintf(nout

," Material Not Found in Linked List, material - %s\n"
,material);

abort();)
(void) material match(ptr core mtls,frcmat,&density,&n-entries);
add cell(label,material,lu8,ncell,index,-density
,nuniverse);

/* - Surfaces */
sprintf(label,"Fuel Cladding Outer Surface, 11, L%i",nlat);
search surfaceusage_list(l,label,&index, ","",*""
,ptr surface usage);

if(index -- °)l
lines(3);
fprintf(nout,I"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice -- \n");
fprintf(nout

," Surface Not Found in Linked List, label - Ss\n",label);
abort(0;:

add surface(l,label,"",lue,lu9,&index,"",ptr surface usage
,nsurface);

fprintf(luB," u- ti imp:n- 1.0\n",uwr);
J* - Create Lattice for Fuel Assembly and Populate with Previously
- - Defined Fuel Rod Universes - - - - - - - - - - - - - - - - - -
/* - Cell */
sprintf(label,"Reference Fuel Rod Cell, L%i",nlat);
strcpy(material,inchannel material);
search usage list(l,material,&index,ptr material usage);
if(index -- 0){

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintflnout," ge7x7 lattice --\n");
fprintf (nout

," Material Not Found in Linked List, material - %s\n".,label);
aborto0;)

(*nuniverse)++;
ufrl - *nuniverse;
add cell(label,material,luB,ncell,index,-inchannel density
,nuniverse);

/* - Surfaces */
sprintf(label,"XMAX Surface for Fuel Rod Window, Li",nlat);
strcpy(mnemonic,"px");
index - -1;
sprintf(value, "10.4E",(xmaxfrw+x ofset));
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);
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sprintf(label,"XMIN Surface for Fuel Rod window, Li",nlat);
strcpy(mnemonic, px');
index - 1;
sprintf(value,"%10.4E",(xminfrw+xofset));
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage, nsurface)1

sprintf(label,-YMIN Surface for Fuel Rod Window, Li",nlat);
strcpy(mnemonic,"py");
index - 1;
sprintf(value, "%10.4E", (yminfrw+y ofset));
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"YMAX Surface for Fuel Rod Window, Li",nlat);
strcpy(mnemonic,"py");
index - -1;
sprintf(value,"%10.4E",(ymaxfrw+y ofset));
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

fprintf(lu8," lat- I u - %i imp:n- 1.0\n",*nuniverse);
fprintf(1u8," fill- -l:%i -1:%i 0:0\n"
,latdim,latdim);

lines(latdim+l);
fprintf(nout," Universes Filling the Lattice:\n");
{ short int i,J;
int *plattice - lattice;
fprintf(lu8, " 10) ;
for(c - 0;j <- (latdim+l);j++) fprintfllu8,"%3i ",*nuniverse);
fprintf(lu8,"\n");
for(i - 1±i <- latdim;i++)(

fprintf(lu8," %3i ",*nuniverse);
fprintf(nout," I);

for(J - 1;J <- latdim;j++,plattice+4)(
if(*plattice > O)(

fprintf(1u8,"%3i ",(*plattice+ufr-l));
fprintf~nout, n%3i ",(*plattice~ufr-1)):}

else(
fprintf(lu8, "13i ",uwr);
fprintf(nout,"%3i ",uwr);)

fprintf(luB,"t3i\n",*nuniverse);
fprintf(nout,"\n");)

fprintf(luB," N);

for(J - O;J <- (latdim+l);j++) fprintf(lu8,"%3i ",*nuniverse);
fprintf(lu8,"\n");

}
/* - Create Channel Model and Populate with Lattice - - - -…
/* - Channel - - - - - - - - - - - - - - - - - - - - - - - - - - - -*
/* - Cell */

(*nuniverse)++;
uchan - *nuniverse;
sprintf(label,"Channel, Ltil,nlat);
search usagelist(l,fcmat,&index,ptr material usage);
n-entries 0;
iflindex -= O)f
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{ usage list *ptr ml;
ptr mtl -
material match(ptr core mtls,fcmat, density,&n entries);
(*nmaterial)++;
ptr ml - ptr material usage;
while(ptr ml->next !- NULL) ptr ml - ptr~ml->next;
index - (ptr ml->index)+1;
ptr-ml - load usage list fcmatindexptr ml);

)
else{

(void) material match(ptr core mtls,fcmat,&density, n entries);
n entries - 0;

)
add cell(label,fcmat,lu8,ncell,index,-density,nuniverse);
cchan - *ncell;

/* - Surfaces */
fprintf(1u8," (");
sprintf(label,"Wide Gap, Channel Outside Wall, pX Surface, Lti"
,nlat);

strcpy(mnemonic, "px");
index - 1;
sprintf(value,"%10.4E",wgcowx);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Wide Gap, Channel Inside Wall, pX Surface, LUi"
,nlat);

strcpy(mnemonic,*px");
index - -1;
sprintf(value, %10.4E",wgciwx);
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, LMil
,nlat);

stropy(mnemonic, "py");
index - -1;
sprintf(value,%10.4E'",yambigl);
add surface(0,label,mnemonic,lu8,1u9, index,value
,ptr surface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, L%i"
,nlat);

strcpy(mnemonic, "py");
index - 1;
sprintf(value,"%10.4E",yambig2);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptr surface usagensurface);

fprintf(lu8, ): (");
sprintf(label,"Wide Gap, Channel Outside Wall, pY Surface, Lti"
,nlat);

strcpy(mnemonic, "py");
index - -1;
sprintf(value, "110.4E",wgcowy);



- - -

Waste Package operations Calculation (Attachment)

Title: Listing of Routines and Functions for BLINK, Version 0
Document Identifier BOOOOOOOO-0 1 717-021 0-000 10 REV 01 Attachment XIV Page 197 of 241

add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Wide Gap, Channel Inside Wall, pY Surface, Li"
,nlat);

strcpy(mnemonic,"py");
index = 1;
sprintf(value,"%10.4E',wgciwy);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

strcpy(mnemonic, "px");
index - 1;
sprintf(value,"%lO.4E",xambigl);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lli"
,nlat);

strcpy(mnemonic, px1);
index - -1;
sprintf(value,"%10.4E",xambig2);
add surface(0,label,mnemonic,luB,1u9, index,value
,ptr surface usage,nsurface);

fprintf(1u8,") :\n");
fprintf(lu8," C");
sprintf(label,"Narrow Gap, Channel Inside Wall, pY Surface, Li"
,nlat);

strcpy(mnemonic,"py");
index - -1;
sprintf(value,"%10.4E",ngciwy);
add surface(O,label,mnemonic,lu8,lu9, &index,value
,ptr surface usage,nsurface):

sprintf(label,"Narrow Gap, Channel Outside Wall, pY Surface, Lti"
,nlat);
strcpy(mnemonic, "py");
index - 1;
sprintf(value,"110.4E",ngcowy);
add surface(0,label,mnemonic,luS,1u9,&index,value
,ptr surface usage, nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, L%i"
,nlat);

search surface usagelist(l,label,&index,"",","I
,ptr surface usage);

if (index -- 0)l
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

,"n Surface Not Found in Linked List, label - %s\n",label);
abort();)

add surface(l,label,"",1u8,1u9,&index,"",ptr surface usage
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,nsurface);
sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

search surface usage-list(l,label, index,"","",""
,ptr surface usage);

iflindex -- 0){
lines(3);
fprintf(nout,nO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abort();)

index - -index;
add surface(l,label, ",lu8,1u9,6index,"',ptr surfaceusage
,nsurface);

fprintf(lu8,"):(tn);
sprintf(label
,"Narrow Gap, Channel Inside Wall, pX Surface, Li"
,nlat);

strcpy(mnemonic,"px*);
sprintf(value,"%l0.4E",ngciwx);
add surface(O,label,mnemonic,lu8,1u9,&index,valueptr surface usage
,nsurface);

sprintf(label
,"Narrow Gap, Channel Outside Wall, pX Surface, L%i"
,nlat);

strcpy(mnemonic, 'px");
sprintf(value,"%10.4E",ngcowx);
index - -1;
add surface(O,label,mnemonic,lu8,1u9,&index,valueptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, LMi"
,nlat);

search surface usage list(llabel,&index,"","", n
,ptr surface usage);

if(index -- O)(
lines(3);
fprintf(nout,n"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge~x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s9n",label);
aborto0;)

add surface(l,label,",luB,1u9,&index,"",ptr surface usage
nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Li"
,nlat);

search surface usagelist(l,label,&index,"",n"I,""
,ptr surface usage);

if(index -- 0)4
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
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fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abortl);}

index - -index;
add surface(l,label, nH nlu8,lu9,&index, "",ptr surface usage
,nsurface);

fprintf(lu6,"):\nrI);
fprintf(1u8, " n);

1* - Channel Corners */
/* - Northwest Corner */
sprintf(label,"Channel Corner Outer Radius (NW), Li"
,nlat);

strcpy(mnemonic, "c/z");
index - -1;
sprintf(value,"%l0.4E %10.4E %10.4E",cclx,ccly,ccro);
add surface(0,label,mnemonic,luB,1u9, index,value
,ptr surface usage,nsurface);

sprintf(label,"Channel Corner Inner Radius (NW), L%i"
,nlat):

strcpylmnemonic,"c/z");
index - 1;
sprintf(value,"%l0.4E %10.4E %10.4E",cclx,ccly,ccri);
add surface(0,1abel,mnemonic,1u8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, LUO
,nlat); -

search surface usage list(l,label,&index, "",n","n

,ptr surface usage);
if(index =- 0){
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function"):
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abortt);)

add surface(l,label, "",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, L%i"
,nlat);

search surface usage list(l,label,&index,'"',"",""
,ptr surface usage);

if(index -- 0)(
lines(3);
fprintf(nout,"0*** F a t a 1 E r.r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abort();)

index - -index;
add surface(l,label, ", luB,1u9, index,"",ptr surface usage
,nsurface);
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fprintf(1u8,"): ();
/* - Northeast Corner /
sprintf(label,"Channel Corner Outer Radius (NE), Li M

,nlat);
strcpy(mnemonic, "c/z");
index - -1;
sprintf(value,"%10.4E %10.4E %10.4E",cc2xcc2y,ccro);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptr surface usagensurface);

sprintf(label,"Channel Corner Inner Radius (NE), Li"
,nlat);

strcpy(mnemonic,"c/z");
index - 1;
sprintf(value,"%10.4E %10.4E %l0.4E",cc2x,cc2y,ccri);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Liw
,nlat);

search surface usage list(l,label,&index,""",","
,ptr surfaceusage);

if(index -- 0)j
lines(3);
fprintf(nout,'I*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(fnout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

add surface(l,label,"",luB,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Li"
,nlat);

search surface usage list(l,label,&index, "","",""
,ptr surfaceusage),

if(index -- 0)I
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(fnout

," Surface Not Found in Linked List, label - Ws\n",label);
abort(I;)

add surface(l,label,"",luB,lu9,&index,"",ptr surface usage
,nsurface);

fprintf(1u8,11:\n*);
fprintf(1u8,n (I)M;

J* - Southeast Corner */
sprintf(label,"Channel Corner Outer Radius (SE), Li"
,nlat);

strcpy(mnemonic,"c/z");
index - -1;
sprintf(value,"%10.4E %10.4E %10.4E",cc3x,cc3y,ccro);
add surface(0,label,mnemonic,luB,1u9,&index,value
,ptrsurface usage,nsurface);
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sprintf(label,"Channel Corner Inner Radius (SE), Li"
,nlat);

strcpy(mnemonic, "c/z");
index - 1;
sprintf(value,"l10.4E %10.4E %10.4E",cc3x,cc3y,ccri);
add surface(0,label,mnemonic,luB,1u9, index,value
,ptrsurface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LUi"
,nlat);

search surface usage list(l,label,&index, "", "",""

,ptr surface usage);
if(index - 07(

lines(3);
fprintf(nout, "O*** F a t a I E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - Is\n",label);
aborto0;)

add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"
,nlat);

search surface usagelist(l,label,&index,"","",""
,ptr surface usage);

if(index -- 0)1
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function"):
fprintf(nout," ge7x7 lattice --\n");
fprintf(fnout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

index - -index;
add surface(l,label, "",luB,1u9,&index, "",ptr surface usage

,nsurface);
fprintf(lu8,"):(1");

/* - Southwest Corner */
sprintf(label,"Channel Corner Outer Radius (SW), Li"
,nlat);

strcpy(mnemonic,*c/z");
index - -1;
sprintf(value,"%10.4E %10.4E %l0.4E",cc4x,cc4y,ccro);
add surface(0,label,mnemonic,1u8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Channel Corner Inner Radius (SW), Lti"
,nlat);

strcpy(mnemonic,"c/z");
index - 1;
sprintf(value,"%10.4E %l0.4E %l0.4E",cc4x,cc4y,ccri);
add surface(0,label,mnemonic,lu8,lu9,&index,value
,ptr surface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lii"
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,nlat);
searchsurface usagelist(llabel,&index, Wf, NN

,ptr-surface usage);
if(index -- O)j

lines (3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice -- \n");
fprintfnfout
," Surface Not Found in Linked List, label - %s\n",label);

abort 0;)
index - -index;
add surface(l,label, "n, u8 u9, 6index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, L%i"
,nlat);

search surface usage list(l,label, &index,"","", ""
,ptr surface usage);

if(index -- O){
lines(3);
fprintf(nout,hNO*** F a t a I E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

abort 0;)
index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintf (lu8, ")\n");
fprintf(lu8," u- %i imp:n- l.O\n",uchan);

/* - Materials */
if(n entries !- O)H

add material(lulO,anmaterial,fcmat,n entries,ptr mtl);
rollupllma(ptr-mtl);
n entries - 0;)

/* - Area Inside the Channel - - - - - - - - - - - - - - - - - - - -
/* - Cell */

sprintf(label,"Active Fuel Area, L%i",nlat);
strcpy(material,inchannel material);
search usage list(l,material,&index,ptr material usage);
iffindex -- Of

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Material Not Found in Linked List, material - %s\n",label);

aborto0;)
add cell(label,material,lu8,ncell,index,-inchanneljdensity,nuniverse);
cwic - *ncell;

/* - Surfaces */
fprintf(luBl (");
sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Li"
,nlat);
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search surface'usage-list(llabel,&index,"", "",""
,ptr surface usage);

if(index -- O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

abort 0;)
add surface(l,label,"",luB,1u9,6index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Li"
,nlat);

search surface usage list(l,label,&index, "","",""
,ptr surface usage);

iflindex - °)l
lines(3);
fprintf(nout,*O*** F a t a 1 E r r o r *** Function");
fprintfinout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abort();l

index - -index;
add surface(l,label, ",lu8,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label
,"Wide Gap, Channel Inside Wall, pY Surface, L%i"
,nlat);

search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if(index -- 0)1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\nw);
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
aborto0;)

index - -index;
add surface(l,label, ",lu6,1u9, index,"",ptr surface usage
,nsurface);

sprintf(label
,"Narrow Gap, Channel Inside Wall, pY Surface, Li"
,nlat);

search surface usage list(l,label,&index," , w," n

,ptrsurface_usage);
if(index -- °)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r * Function");
fprintf(lout," qe7x7 lattice --\n");
fprintf(lout

," Surface Not Found in Linked List, label - %s\n',label);
abort0);)

add surface(l,label,"",1u8,1u9,&index, "",ptr surface usage
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,nsurface);
fprintf(lu8,"): (");
sprintf(label
,"Wide Gap, Channel Inside Wall, pX Surface, Lti"
,nlat);

search surface usage list(l,label,&index,"","",""
,ptr surface usage);

iffindex - O)7
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
0" Surface Not Found in Linked List, label - %s\n",label);

abort();)
add surface(l,label,"",luB,lu9,&index, "n,ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Li"
,nlat);

search surface usage list(l,label,&index,"","","U
,ptr surface usage);

if(index -- OH
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function"):
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abort 0;)

index - -index;
add surface(l,label, "',lu8,lu9, &index,"",ptr surface usage
,nsufface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, L%i"
,nlat);

search surface usage list(l,label,&index,"",""'""
,ptr surface usage);

iflindex -- 0)1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf (nout
," Surface Not Found in Linked List, label - Ss\n",label);

aborto);)
index - -index;
add surface(l,label,"",luB,lu9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lli"
,nlat);

search surface usage list(l,label,&index,"","",""
,ptr surface usage),

if(index -- 0)(
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
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fprintflnout," ge7x7_1attice --\n");
fprintf(nout

,n Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

add surface(l,label,"",lus,1u9,6index,"",ptr surface usage
,nsurface);

fprintf(lu8," ):\n C");
sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, L%i"
,nlat);

search surface usage list(l,label,&index, .", .",""
,ptr surface usage);

if(index -- O)N
lines(3);
fprintf~noutwO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abortO0):

add surface(l,label,"",lu8,1u9, index,"",ptr surface usage
,nsurface);

sprintf(label
,"Narrow Gap, Channel Inside Wall, pX Surface, LJ.n
,nlat);

search surface usage list(l,label,&index,""," ,""
,ptr surface usage);

if(index -- 07(
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r * Function");
fprintf(nout,* ge7x7 lattice -- \n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label):
aborto0;)

index - -index;
add surface(l,label,"",luB,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Li"
,nlat);

search surface usage list(l,label, index, "","",""
,ptr surfaceusage);

if(index -- O)(
lines(3);
fprintf(nout,"O*** F a t a I E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

index - -index;
add surface(l,label,"",1u8,lu9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"
,nlat); .
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search surface usage list(llabel,&index,"" nfw nn

,ptr surface usage);
if(index -- 0)H

lines(3);
fprintf(noutmO*** F a t a 1 E.r r o r *** Function");
fprintftnout," ge7x7 lattice -- \n");
fprintf(nout,

,* Surface Not Found in Linked List, label - Ss\n",label);
aborto0;)

add surfacell,label, "",lu8, lu9, &index,"",ptr surface usage
,nsurface);
fprintf(lu,") ( 1;
sprintf(label
,"Channel Corner Inner Radius (NW), L%i"
,nlat);

search surface usage list(l,label,&index, "", "","w
,ptr surface usage);

if(index -- O)f
lines(3);
fprintf(nout,SSO*** F a t a 1 E r r o r ** Function');
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - ts\n",label);

aborto0;)
index - -index;
add surface l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Liw
,nlat);

search surface usagelist(l,label,&index, ," , ""U

,ptr surface usage);
if (index - O)(
lines(3);
fprintflnout,wO*** F a t.a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto);)

index - -index;
add surface(l,label, '",l u8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Li
,nlat);

search surface usage list(l,label,&index, "',w, i

,ptr surface usage);
if(index -- 0)1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice -- \n");
fprintf(nout
," Surface Not Found in Linked List, label - ts\n",label);

aborto);)
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add surface(l,label,"",iue,1ug,&index, "",ptr surface-usage
,nsurfice);

fprintfllu8,",):\n");
fprintf(lu8," nU);

sprintf(label
,"Channel Corner Inner Radius (NE), LUi"
,nlat);

search surface usage list(l,label,&index,"", n""n

,ptr surface usage);
if(index -- H
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r ** Function");
fprintf(lout," ge7x7 lattice -- \n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto(U)

index - -index;
add surface(l,label, n", luB,1u9,&index, "nptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

search surface usagejlist'(1,label,&index, """", nI

,ptrsurfaceysage);
iflindex -- 0){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(lout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
aborto0;)

add surface(l,label,"",1u8,1u9,&index,"",ptr surfaceyusage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search-surface usage list(l,label,&index,I"', ,ti"
,ptrsurfaceusage);

iflindex -- Of
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(lout

," Surface Not Found in Linked List, label - %s\n",label);
abortl);)

add surface(l,label, "", lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(1u8,"): (0)
sprintf(label
,"Channel Corner Inner Radius (SE), L%i"
,nlat);

search surfaceyusage._list(l,label,&index, "","nnwn
,ptrsurface usage);

if(index -- 0){
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lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

aborto);l
index - -index;
add surface(l,label,"",1u8,lu9, index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, L%i"
,nlat);

search surface usage list(l,label,&index,n","",""
,ptr surface usage);

if(index -- 0)1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r * Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - Ss\n",label);
abortC);I

add surface(l,label,"",lu8,lu9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Li"
,nlat);

search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if (index -- 0)1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout,' ge7x7 lattice --\n');
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

aborto(;)
index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8,"):\n");
fprintf(lu8,"
sprintf(label
,"Channel Corner Inner Radius (SW), L%i"
,nlat);

search surface usagelist(l,label,&index,"n", ""t,
,ptr surface usage);

if(index -- 0)1
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(fnout

," Surface Not Found in Linked List, label - %s\n",label);
abort();)

index - -index;
add surface(l,label,"",lu8,1u9,&index,",ptr surface usage
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,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
.,nlat) ;

search surface usage list(llabel,&index, "", "',""

,ptr surface usage);
iffindex -- 0)1

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto);)

index - -index;
add surface (1, label,"",lu8,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, L%i"
,nlat);

search surface usage list(l,label,&index, ", "",
,ptr surface usage);

if(index -- 0H
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintfinout," ge7x7 lattice --\n");
fprintf(lout
," Surface Not Found in Linked List, label - %s\n",label);

abort();}
index - -index;
add surface l,label,"",lu8,1u9, Lindex, "",ptr surface usage
,nsurface);

fprintf lu8,")\n");
-fprintf(luB," fill- %i u- %i imp:n- l.0\n",ufrl,uchan),
lines l);
fprintf(nout," Filled with Universe %i\n",ufrl);

/* - Area Outside the Channel - - - - - - - - - - - - - - - - - - -
/* - Cell */
sprintf(label,"Water Outside of Channel, L%i",nlat);
strcpy(material,"Bypass Water");
search usage list(l,material,&index,ptr material usage);
if(index -- 0)-

lines(3);
fprintf(nout,"w*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf (nout
," Material Not Found in Linked List, material - ts\n",label);

aborto();
add cell(label,material,luS,ncell,index,-bypass density,nuniverse);

/* - Surfaces */
/* - Regions Outside of Four Channel Walls */

fprintf(lue," 1");
sprintf(label,"Wide Gap, Channel Outside Wall, pX Surface, Li"
,nlat);

search surface usage list(1,label,&index,"","",""
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,ptr surface usage);
if(index --

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r * Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout.-
," Surface Not Found in Linked List, label - Is\n",label);

aborto0;)
index - -index;
add surface(l,label, "nlu8,1u9,&index, ",ptr surface usage
,nsurface);

fprintf(lu8," : );
sprintf(label,"Wide Gap, Channel Outside Wall, pY Surface, LIi"
,nlat);

search surface usage listal,label,&index,", w

,ptr surface usage);
if(index -- 0)(
lines(3):
fprintf(nout,l"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice -- \n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

add surface(l,label, "', luB,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8," : );

sprintf(label,"Narrow Gap, Channel Outside Wall, pX Surface, L%i"
,nlat);

search surface usage list(l,label,&index,"","",""I
,ptr surface usage);

if(index -- 0)(
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

add surface(l,label, n"" lu8,1u9, index, "",ptr surface usage
,nsurface);

fprintf(lu8," : l;'

sprintf(label,"tNarrow Gap, Channel Outside Wall, pY Surface, L%i"
,nlat);

search surface usage list(l,label,&index, "" n" ""
,ptr surface usage);

if(index -- 0)1
lines(3);
fprintf(nout, "o*** F a t a 1 E r r o r Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
abortI);)

index - -index;
add surfacetl,label, "",lu8,1u9,&index,"",ptr surface usage
,nsurface);
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fprintf~luB," ):\n');
f* - Regions Outside of Channel Outside Corners -- NW Corner *1
fprintf(lu8,"
sprintf(label,"Channel Corner Outer Radius (NW), Li",nlat);
search surface usagelist(l,label,&index,oi","",""
,ptr surface usage);

if(index --O)(
lines(3);
fprintftnout,"O*** F a t a 1 E r r o r Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abortI);)

add surface(l,label, ", luB, lu9, L&index,"nptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

search surface usage list(llabel, index, "', "",n

,ptr surface usage);
if(index -- O)1

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\nl);
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abortl(;)

index - -index;
add surface(l,label,"",luB,lu9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Li"
,nlat);

search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if(index - -)(
lines(3) ;
fprintf(nout,w0*** F a t a I E r r o r Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

aborto0;1
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(luB," ):\n");
/* - Regions Outside of Channel Outside Corners -- NE Corner */
fprintf(1u8," (");
sprintf(label,"Channel Corner Outer Radius (NE), L%i",nlat);
search surface usage list(l,label,&index, "", '", ""

,ptr surface usage);
if(index mm 0){

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintfinout," ge7x7 lattice --\n");
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fprintf(lnout
," Surface Not Found in Linked List, label - %s\n",label);

aborto);)
add surface(l,label,"",lu8,1ug,&index,""ptr surface usage-
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Li"
,nlat);

search surface usage list(l,label, index, "", "", "

,ptr surface usage);
if(index -- 0)
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r * Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(lout

,* Surface Not Found in Linked List, label % %s\n",label);
abort();)

add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Li"
,nlat);

search surface usage list(l,label,&index,"", if",""

,ptr surface usage);
if(index - 0)(

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r Function");
fprintf(fnout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto);)

add surface(l,label,"",lu8,1u9,&index,"",ptrsurface usage
,nsurface);

fprintf lu8," ):\n");
/* - Regions Outside of Channel Outside Corners -- SE Corner */

fprintf(lu8,' v");
sprintf(label,"Channel Corner Outer Radius (SE), L%i",nlat);
search surface usage list(l,label,&index," ,"",""
,ptr surface usage);

if(index -- 0)1
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(lout

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

add surfacell,label,"",1u8,1u9,&index,"",ptrsurface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Li"
,nlat);

search surface usage list(l,label,&index, n", ", ""t

,ptr surface usage);
if(index -- 0H



Waste Package opcmtions Calculation (Attachment)

Title: Listing of Routines and Functions for BLINK, Version 0
Document Identifier BOO000000001717-0210-OOI0 REV O0Attachment XIV Page 213 of 241

lines (3);
fprintf(nout,WO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

, Surface Not Found in Linked List, label - %s\n",label);
abortoU;)

add surface(l,label,"", lu,1u9,&index,"",ptr surface usage
,nsurface)s

sprintf(label
D"Aibiguity Surface for Channel Corners (Narrow Gap), pY, LUin
,nlat);

search surface usage list(l,label,&index, , ",3
,ptr surface usage);

ifCindex -- 0)l
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_1attice --\n");
fprintf(fnout

," Surface Not Found in Linked List, label = %s\n*,label);
abortoU;)

index - -index;
add surface(l,label, n",lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintfCluB," ):\n");
/* - Regions Outside of Channel Outside Corners -- SW Corner */

fprintf~lu8," (n);
sprintf(label,"Channel Corner Outer Radius (SW), L%i",nlat);
search surface usage list(l,label,&index,"',"","
,ptr surface usage);

if(index -- 0)f
lines(3);
fprintf(nout,*0*** F a t a I E r r o r *** Function*);
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
abortoC):

add surface (l, label,"", lu8, lu9, &index, "",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, L%i"
,nlat);

search surface usage list(l,label,&index,"",, *NW
,ptr surface usage);

if(index -- 0)4
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label %s\n',label);
abortl);)

index - -index;
add surface(l,label, ", lu8,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
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,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Li"
,nlat);

search surface usage list(1,label,&index,"","",""
,ptr surface_usage);

if(index -- OTJ
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto);)

index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(1u8," ) \n");
fprintf luB," u- %i imp:n- l.O\n", *nuniverse);

/* - Assigned Universe Number to Return Variable */
*ufl - uchan;

Function generatedeck

finclude<stdio.h>.

void generate deck(FILE *lmcnpFILE *lu8,FILE *lu9,FILE lulO)(
/* - - - - - - - - - - - - - -

- - * g e n e r a t e d e c k * Generates MCNP Input Deck

- - Argument(s):
- - lmcnp - pointer to MCNP input file (input)
- - luS - pointer to scratch file for cell representa- (input)
- - tations
- - lu9 - pointer to scratch file for surface repre- (input)
- ^ tations
- - lulO - pointer to scratch file for material repre- (input)
- - sentations

*- Copy Contents of Scratch File for Cell Representations … *1
copy asciifile(lmcnp,lu8);

/* - Insert Blank Separator Line */
fprintf(lmcnp,"\n");

/* - Copy Contents of Scratch File for Surface Representations - - - */
copy ascii file(lmcnp,lu9);

/* - Insert Blank Separator Line */
fprintf(lmcnp,"\n");

/* - Copy Contents of Scratch File for Material Representations - - - *1
copy ascii file(lmcnp,lulO);
fprintf(lmcnp, "print\n");

/* - Insert Blank Separator Line 'I
fprintf(lmcnp, \nw);
return;

)



Waste Package Operations Calculation (Attachment)

Title: Listing of Routines and Functions for BUNK, Version 0
Document Identifier B0000000-01717-0210-00010 REV OlAttachment XIV Page 215 of 241

Function generatejattIcej.model
finclude <stdio.h
#include <string.h>
typedef char ascii string[l33J;
typedef struct ascii recordl

struct ascii record *last;
ascii string line;
struct ascii record *next;
} a record;

typedef struct s5material(
struct smaterial *last;
int atomic number;
int mass number;
float weight_percentage;
char librarysuffix(51;
struct s material *next;

I 11 material;
typedef struct u list I

struct u-list *last;
int index;
ascii string label;
struct u list *next;

} usagelist;

typedef struct su list {
struct su list *last;
int index;
ascii string label;
ascii string value;
char mnemonic[41;
ascii string equivalent-label;
struct su-list *next;

I surface usage list;

typedef struct fuel geometry I
ascii string gds name;
int latdim;
int nwr;
float cthick;
float asin;
float wgap;
float ngap;
float cradius;
float fsrd;
float cfsrd;
float rpitch;
float cod;
float cld;
float ppd;
char frcmat(6];
char fcmat(6];

) fg list;
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void ge7x7 lattice(float,float,float,floatfloat,float,float,float
,float,float,float,chair(,charljintintint *,int *,int *,FILE
,FILE *,FILE *,surface usage list *,usage list *,float,float,int *
,float *,ascii string,ll material *,a record *,int,int *,int *
,char[]);

void ge8x8 lattice swr(float,float,float,float,float,float,float,float
,floatfloatfloatcharfjchar[],intintint *,int *,int *,FILE
,FILE *,FILE *,surface usage list *,usage list *,float,float,int *

,float *jascii string,ll material *,arecord *,int,int *,int *
,char(]);

void rollup llm(ll material *);
int memory integer(int,int,int *);
11 material *load fuel material(int *,char(3,char(3,int,int **
,float **); .

int mchar(int *,char[]);

void generate lattice model(int *ncell,int *nmaterial,FILE *lu8
,FILE *lu9, FILE *lulO,surface usage list *ptr surface usage
,usage list *ptr material usage,int *ptr correspondence table
,fg list *ptr lg ds,ascii string *lmdsnam,int nlat,char fprefixf]
,float inchannel density,float bypass density,int *nuniverse
,a record *ptr core mtls,int *ufl,int *nsurface
,char inchannel materiall[)
*. - - - - - - - - - - - - - - . _

- - * g e n e r a t e l a t t i c e _ m o d e l * Create Lattice
Model for a
Unique Node

- - - - - - - - - -

- - Argument(s):
- - ncell - number of MCNP
- - nmaterial - number of MCNP
- - lu8 - stream pointer
- - itions
- - lu9 - stream pointer
- - definitions
- - lulO - stream pointer
- - definitions

cells
materials
to scratch file for cell defin-

to scratch file for surface

to scratch file for material.

.ptrsurface usage
- list of defined surfaces

ptr material usage
- list of defined materials

ptr correspondence table
- table relating lattices with unique material
definitions with geometry definitions

ptr lg.ds - list of lattice geometry datasets
lmndsnam - list of material intermediate dataset names

nlat - index for unique lattice for which to create
?MCNP lattice model

fprefix - prefix for fuel material intermediate datasets
inchannel density

- density for in-channel moderator (g/cc)
bypass density

- density for bypass moderator (g/cc)

(i&o)
(i&o)

(input)

(input)

(input)

(input)

(input)

(input)

(input)
(input)
(input)

(input)

(input)

(input)
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- - nuniverse - number of MCNP "universes"
- - ptr core mtls
- - - pointer to linked list containing core mat-
- - erial definitions
- - ufl - universe definition for unique lattices
- - nsurface - total number of surfaces
- - inchannel material
- - - menmonic for inchannel moderator material

- - Variable Declarations - - - - - - - - - - - -… - - - - -
- - Integer Variable(s)
- - latdim - lattice dimensionality

(ifo)

(input)

(output)
(i&o)

(input)
_ - - - -

- - -nwr - number of.water rods
- - nglat - index for lattice geometry dataset corresponding to
- - lattice material dataset
- - lattice - fuel rod type map for lattice
- - nft - number of fuel rod types

*1
int latdim, nwr;
int nglat, *lattice, nft;

/* - Float Variable(s)

*1

cthick
asin
wgap
ngap

cradius
fsrd

cfsrd

Channel Thickness (cm)
Inner Span of Channel (cm)
Wide Gap Thickness (cm)
Narrow Gap Thickness (cm)
Inner Radius of Channel Corner (cm)
Clad Surface to Clad Surface Separation (cm)
Clad Surface to Inner Channel Surface
Separation (cm)
Fuel Rod Pitch (cm)
Cladding Outer Diameter (cm)
Cladding Thickness (cm)
Fuel Pellet Outer Diameter (cm)
Density Vector for Lattice

rpitch
cod
cld
pod

fp density

float cthick, asin, wgap, ngap, cradius, fsrd, cfsrd, rpitch
,cod, cld, pod;

float *fp density;
/* - Character Datasets

- - matdsnam - name for material dataset
- - frcmat - Material Identifier for Fuel Rod Cladding
- - fomat - Material Identifier for Channel
- - gds - name for lattice geometry dataset

*/
char frcmat(6], fcmat[6];
ascii string matdsnam, gds;

/* - Structured Variable(s)
- - ptr fg - pointer to proper fuel material dataset
- - fmids - pointer to fuel material dataset

*1
fglist *ptr fg - ptr lg. ds;
11 material *fmids.;

/* - Adjust Character String Read with FORTRAN for Processing in C -
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l short int n;
int len - 132, length;
ascii string *p - lmdsnam;
for( n - 1; n < nlat; n++,P++) continue;
strncpy(matdsnam,*p,132);
length - mchar(&len,matdsnam);
matdsnam(length) -\0j;

*- Find Corresponding Lattice Geometry Dataset 1
( short int n;
int *p - ptr correspondence table;

/* dof
p++;p++;)

while(*p I- nlat);

while(*p I- nlat) Ip++;p++;)
nglat -*p+l);
for( n - 0; n < (nglat-1); n++) ptr fg++;
latdim - ptrfg->latdim;
strcpy(gds,ptr fg->'gds name);

/* - Allocate Memory for Lattice Map 'I
lattice - memory integer(l,(latdim*latdim),lattice);

/* - Load Material Dataset for Lattice - - - - - - - - - - - - - - -*
fmids - load fuel material(&nft,fprefix,matdsnam,latdim,&lattice
,&fp density);

/* - Create Lattice Model - - - - - - - - - - - - - - - - - - - - - -
cthick - ptr fg->cthick; asin - ptr fg->asin;

wgap - ptr fg->wgap; ngap - ptr fg->ngap;
cradius - ptr fg->cradius; fard - ptr fg->fsrd;
cfsrd - ptr fg->cfsrd; rpitch - ptr fg->rpitch;

cod - ptr fg->cod; cld - ptr fg->cld;
pod - ptr fg->pod;

strcpy(frcmat,ptr fg->frcmat);
strcpy(fcmat,ptr fg->fcmat);
if(strstr(gds,"ge7x7") I-.NULL)

ge7x7 lattice(cthick,asin,wgap,ngap,cradius,fsrd,cfsrdrpitchcod
,cld,podfrcmat,fcmat,latdim,nft,lattice,ncellnmaterial,lu8,1u9
,lulO,ptr surface usage,ptr material usage,inchannel density
,bypass density,nuniverse,fp density,matdsnam,fmids,ptr core mtls
,nlat,ufl,nsurface,inchannel material);

else
ge8x8 lattice swr(cthickasin,wgap,ngap,cradius,fsrd,cfsrd,rpitch,cod
,cld,podfrcmat,fcmat,latdim,nft,lattice,ncellnmaterial,lu8,1u9
,lulO,ptr surface usageptr material usage,inchannel density
,bypass density,nuniverse,fpdensity,matdsnam,fmids,ptr core mtls
,nlat,ufl,nsurface,inchannel material);

/*- Return Memory 'I
( short int n;

11 material *p - fmids, *p last;
for( n - 0; n < (nft-l); n++,p++) continue;
p last - p;
for( n - nft; n > 0; n--)(
p - p last;
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p last--;
rollup llm(p);)

lattice - memoryinteger(-l, (latdim*latdim),lattice);

Function materlaLmatch
#include<stdio.h>

typedef char ascii string[
typedef struct ascii-recor

typedef struct s material{

struct ascii record *last;
ascii string line;
struct ascii record *next;
I a record;

struct s material *last;
int atomic number;
int mass number;
float weight-percentage;
char librarysuffixf5];
struct s material *next;
) 11 material;

11 material *memorys materia1(int,int,ll material *);

11fmaterial *material match(a record *p,char namel.,float *density
,int *n entries)H

/* _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - * m a t e r i a 1 m a t c h * Matches Material Identifiers
with Materials on Linked List
for Core Materials

- - Argument(s):
_ _ p _

- - name -
- - density -
- - nentries -

-- - mfirst -

pointer to first element in linked list (input)
string containing name of material sought (input)
density of material (output)
number of elements/isotopes of which the (output)
material is composed
pointer to first element in material defin- (output)
ition link list

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - n - counter for processing elements within material
- - definition
- - n elements - number of elements of which a material is composed
- - n-isotopes - number of isotopes for a particular element in a
- - material

- - a number - atomic number from material in core materials
- - linked list
- - m number - mass number of isotope
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short int n;
int nelements, n-isotopesf a-number# m number;

/* - Float Variable(s) - - - - - - - - - - - - - - - - - - - - - - -…
- - ewp - elemental weight-percentage from core materials linked
- - list
- - iwp - isotopic weight-percentage from core materials linked
- - list

float ewp, iwp:
/* - Character Variable(s)
- - db name - string to hold name of material from linked list
- - line - buffer to hold wline" from linked list
- - 1 suffix - library suffix from element or isotope on core mater-

- ial linked list
- - element - elemental name from element on core material linked
- - list
'1
char db name[63, 1_suffix(5], element(151;
ascii string line;

/* - FILE Variable(s) - - - - - - - - - - - - - - - - - - - - - - - - -
- - nout - output file

extern FILE *nout;
/* - Structure Variable(s) - - - - - - - - - - - - - - - - - - - - - - -
- - pmcurrent - pointer to current position in linked list for
- - material definition
- - pm next - pointer to next position in linked list for material
- - definition
- - m first - first element in linked list to material definition

31 material *pm current,. *pm next, *m first - NULL;
1' - Sweep through the linked list seeking material identifier match '1
while(p->next !- 0)(

strcpy(line,p->line);
if(strstr(line,name) 1- NULL)( /* - match on identifier */
*n entries - 0;
sscanf(line,"ts tf %i",db name,density,&n elements);
for(n - 1; n <- n elements; n++)( /* - sweep through ele - */
p - p->next; /* - ment definitions - */
sscanf(p->line,"%s If Ii Is Sil
,element,&ewp,&a number, 1suffix,&n isotopes);

pmnext - memory_s material (1, l,pmnext);
if(m-first - NULL) {
m first - pm next;
pm current - pm next;
pm current->last - NULL;)

else(
pm current->next - pm next;
pmnext->last - pmcurrent;
pm current - pm next;

pm current->next - NULL;
ifCstrlen(l suffix) - 1)4
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t short int i;
*n entries += n isotopes;
for(i - l;i <- n isotopes;i++)(
p - p->next;
sscanf(p->line,"%i if %s",&m number,&iwp,l suffix) ;
iwp - ewp*iwp/100.0;
pmcurrent->atomic-number - anumber;
pm current->mass number - m number;
pm current->weight percentage - iwp;
strcpy(pm current->librarysuffix,l suffix);
if(i < n isotopes)t
pm next - memory s material(l,l,pmnext);
pm current->next - pm next;
pm.next->last - pm current;
pm current - pmnext;)

)
3)

elset
(*n entries)++;
pm current->atomic number - a number;
pmcurrent->mass number - 0;
pm current->weightpercentage - ewp;
strcpy(pmcurrent->librarysuffix,l suffix);
I short int i;
forli - 1;i <- n isotopes; i++) p-p->next;)

}
return m-first;

}
p - p->next;

)
/*- No match found -- fatal error - - - - - - - - - - - - - - - - -

lines(4);
fprintf(nout,"O*** F a t a 1 E r r o r -- Function");
fprintf(nout," material match:\n");
fprintf(nout,"ONo Match Found for Input Material %s\nw,name);
aborto0;

Function searchtjaujist
int search fau list(int index,int position,int *fau fill,int nu-cc)(
/* - - - - - - - - - - - - - - - - -

- - * s e a r c h f a u i s t * searches list of fuel assembly
assignments to control cells
and returns fuel assembly in-
dex at desired location

- - Argument(s):
- - index - control cell sequence number for which the (input)
- - contents are sought
- - position - location of fuel assembly (input)
- - (1 - NW, 2 - NE, 3 - SE, 4 - SW)
- - fau fill - array providing fuel assembly universe index (input)
- - assignments for each unique control cell
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- - nu-cc - starting number for control cell universe (input)
- - ~~indices

*1

Variable Declarations-----------------------
Integer Variable(s)

n - loop variable
k - loop variable

value - return value

short int n,k;
int value;

1* - Sweep through fuel assembly index assignments seeking target control
- - cell index */

/* for(n - l;n < ((index-nu cc-l)-l);n+4) *
for(n - 1;n <- (index-nlu c~c) ;n+.)
for(k - l;k <- 4;k++) fau-fill4'+;

/* - Get fuel assembly index from proper position *
for(n -l;n < position;n++) fau-fill+i-;
value - *fau fill;
return value;.

Function source specification
# include <stdio.h>

void source specification(int nsrck,float rkk,int ikz,int kct,FILE *lulO
,int ncolc~c,int nrowcc,int *c~ap,int *ccmapw,float apitch,float afl
,int core f~int'ndm,int mct~int ndmp~int ncell~float tempk){

s ou r ce sp ec if ic at i on * Adds Source Specif-
ication to Input
Deck

Argument(s):
nsrck -

rkk -

ikz -

kct -

lulo -

ncolcc -

nrowcc -

ccmap -

ccmapw -

apitch -

afl -

core f -

ndrn -

mct -

ndmp -

nominal source size per cycle in MCNp
initial guess for eigenvalue in MCNP
number of cycles to be skipped before begin-
ning tally accumulation in MCNP
number of cycles to be performed in MCNP
stream pointer for material scratch file
Number of Columns in Control Cell Map
Number of Rows in Control Cell Map
Map of Control Cell Universe Number
Map Containing Contents of Eac~h Control Cell
fuel assembly pitch (cm)
active fuel length (cm)
fraction of core modeled in problem
(0 - full,
1 - half,
4 - quarter)

periodicity of dumps to TPE file
flag to creation of MCTAL file
maximum number of dumps on file

(input)
(input)
(input)

(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)

(input)
(input)
(input)
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- - ncell - total number of cells in the problem
- - tempk - problem temperature (Kelvin)
_ - - - - - - - - - - - - - - - - - - - - - - - - -- -

(input)
(input)

- - - - - I - - -

- - Variable Declarations - - - - - - - - - - - - - -
- - Integer Variable(s)

*1

i - loop variable for columns in map
j - loop variable for rows in map
n - utility loop variable

nsrc - number of source fields
ptr map - pointer to ccmap array

ptr-mapw - pointer to ccmapw array
i zero - column for origin of problem
Jizero - row of origin of problem

short int ijn,i zeroj zero;
int nsrc - 0;
int *ptr map - ccmap, *ptr mapw - ccmapw;

/* - Float Variable(s)
- - x - abscissa for center of source body

* - y - ordinate for center of source body
*/

float x,y;
/* - Print Program Control and Source Cards - - - - - - - - - - -
/* - The thermal scattering kernal temperature in MeV is computed
/* - the formula given on page 3-108 of the MCNP-4B User's Manual

fprintf(lul0, "c Control Cards\n");
fprintf(lulO, "c\n);
fprintf(lul0," tmpl %10.4E %ir\n",(8.617E-11*tempk),(ncell-1));
fprintf(lulO,"kcode %5i %5.3f %3i %5i\n",nsrck,rkk,ikz,kct);
fprintf(lulO, "print\n");
fprintf(lulO,"prdmp %i %i Si %i\n",kct,ndmmct,ndmp);

/* - Source Fields */
fprintf(lulO," sdef erg-dl pos-d2 axs- 0 0 1 rad-d3 ext-d4\n")i
fprintf(lulO," sp} -3\n");
fprintf(lulO," si2 L");
for( j - 1; j <- nrowcc; j++)(

for( i - 1; i <- ncolcc; i++,ptr map++)l
/* - Check for Null Control Cell *f

if(*ptr map -- OH
for(n - ltn <- 6; n++) ptr mapw++;
continue;)

/* - Compute Coordinates of Source Body Center
switch (core f)
case 4:
i zero - ncolcc;
J-zero - 1;
break;

case 1:
i zero - ncolcc/2;
Jzero - nrowcc/2;
break;

case 2:
i zero - ncolcc;

_ _ * /

from*/
_ _ * 1

;I
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Jzero - nrowcc/2;
break;

}
if((i -- i zero) II (j izero)) continue;
nsrc++;
x - (i-i zero)*2*apitch;
y - (J-jzero)*2*apitch;
if(nsrc -- 1) .

fprintf(lulO," %10.4E %10.4E %10.4E\nR,x,y,(afl/2));
else

fprintf(lulO," %10.4E %10.4E %10.4E\n",xy
,(afl/2));

fprintf(lulO," sp2" );
int nmax-10,nmin-1;
do(

for(n - nmin;n <- nmax;n++)
fprintf(lulO," 1k);

fprintf(lulO,"\n");
if(n <- nsrc) fprintf(lulO," n I;
nmin +- 10;
nmax +- 10;
if(nmax > nsrc) nmax - nsrc;

)while(n <- nsrc);
}
fprintf(lulO,n si3 %10.4E\n",((2*apitch)-0.01));
fprintf(lu1O," si4 %10.4E\n",(aflf2));

Function spacerjocatbon

void spacer location(int naxial,int nbundlg,float afl
,int *ptr n spacer,float *ptr spacer location,int *ptr spacer node)t

- - * s p a c e r lo c a t i o n * Determines Nodal Locations
of each Spacer

- - Argument(s):
- - naxial - number of axial nodes (input)
- - nbundlg - number of unique fuel assembly geometries (input)
- - afl - active fuel length (cm) (input)
- - ptr n spacer
- - - number of spacers in each fuel assembly type (input)
- - ptr spacer location
- - - pointer to array containing location of spa- (input)
- - cers for each fuel assembly type (cm)
- - ptr spacer node
- - - pointer to array containing space node (output)
- - locations for each fuel assembly type

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - i - utility index variable
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- - j - utility index variable
- - k - utility index variable
- - ptr-n - pointer to integer vector
- - ptr sn - pointer to integer vector containing spacer nodal

- - locations
*J

short int i,j,k;
int *ptr n - ptr n spacer, *ptr sn - ptr spacer node;

/*- Float Variable s)
- - - ptr f - pointer to floating point array
- - node-height - node height assuming uniformly high nodes
- - ref loc - temporary storage for node interface location

*/
register float ref loc;
float node height;
float *ptr f - ptr spacer location;

/* - Sweep over the Unique Fuel Assembly Geometry Types - - - - - -*

node height - afl/((float) naxial);
for(i - l;i <- nbundlg;i4+)(

/* - Loop over the Spacers in this Geometry Type */

for(j - li;j <- *ptr n;j++)(
if(*ptrf <- node height)(
*ptrsn - 1;
ptr sn++;
ptrf++;
continue;)

if(*ptr f > (afl - node height))f
*ptr an - naxial;
ptr sn++;
ptr f++;
continue;)

ref loc - node height;
for(k - 2;k < naxial;k++){
if((*ptr f > ref loc) 6&
(*ptr f <- (ref 1ocfnode height)))l
*ptr sn - k;
ptr-sn++;
ptr f++.;
break;

else
ref-loc +- node height;

)

Function vessel_eneratIon

linclude <stdio.h>
finclude <string.h>

typedef char ascii stringl133);
typedef struct asciirecordl

struct ascii record *last;
ascii-string line;
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struct ascii record *next;
a record;

typedef struct s material{
struct s-material *last;
int atomicnumber;
int mass number;
float weight percentage;
char librarysuffix(S);
struct ssMaterial *next;
1 11-material;

typedef struct u list(
struct u list *last;
int index;
ascii string label;
struct u-list *next;

I usage_list;

typedef struct su list(
struct su list *last;
$nt index;
ascii string label;
ascii string value;
char mnemonic[4];
ascii string equivalent label;
struct su list -next;
I surface usage list;

11 material *material match(a record *,char[Jfloat * ,int *);
11 material *memory s material(int, 11_material *);
void rollup llm(ll material *);
usage list *memory usage list(intusage list *);
surface usage list *memory surface usage_list(int
,surface usage list *);

usage list *load usage_list(char label[],int indexusage list *);
surface usage list *load surface usagelist(charfl,int
,char(J,char(J,char(],surface usage list *);

void search usage list(int,char[l,int *,usage list *);
void search surface usage list(int,charf[,int *,charl),charl)
,char[l,surface usagelist *);

int mchar(int *,charl]);
void headerO;
void lines(int);
void bufferpad(charl], intint);
void aborto;
void add cell(char(j,char(j,FILE *,int *,intfloat,int *);
void add surface(int,chartlchar[oFILE *,FILE *,int *,charl]
,surface usage-list *,int *);

void add symmetry surfaces(intFILE *,FILE *,surfaceusagelist *
,int);

void add material(FILE *,int *,char[],int,ll material 1;

void vessel generation(float apitch,float vod,float vthick,float sod
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,float sthick,float tutpr,float tcgr,float bltpr,float bcpr
,FILE *luB, FILE *lu9, FILE 'lulO,int *ncell,int *nsurface
,int *nmaterial,a record *ptr core mtls,char mvesselfl,char mshroud[)
,char mtgC],char mcp[],char mutpilchar mltpi)
,int core f,surface usage list *ptr surface usage
,usagelist **ptr materialusage,float bypass density,float afl){ -

/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -_

- - * v e s s e 1 g e n e r a t i o n * Generates Vessel Compo-
nents in MCNP Deck'

Argur

incoi

nent (s):
apitch - fuel assembly pitch

sod - shroud outer radius
;thick - shroud thickness

vod - pressure vessel outer radius
rthick - pressure vessel thickness
tutpr - Top of Upper Tie Plate Region
tcgr - Top of Core Grid Region

bltpr - Bottom of Lower Tie Plate Region
bcpr - Bottom of Core Plate Region

meloc - positions for incore instrumentation
luS - pointer to scratch file for cell representa-

tations
lu9 - pointer to scratch file for surface repre-

tations
lulO - pointer to scratch file for material repre-

sentations
ncell - number of MCNP gometrical cells in the in-

put card images thus far
irface - number of MCNP gometrical surfaces in the

input card images thus far
:erial - number of MNCP materials in the problem

thus far

nst

nmat

(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)

(input)

(input)

(output)

(output)

(output)

(input)
(input)
(input)
(input)
(input)
(input)

(input)

(input)

(output)

(output)

(input)
(input)

ptr core mtU

mvessel -

mshroud -

mtg -

mcp -
mutp -

La
pointer to linked list of core materials
material identifier for vessel
material identifier for core shroud
material identifier for top grid region
material identifier for core plate region
material identifier for upper tie plate
region

mltp - material identifier for lower tie plate
region

core f - fraction of core in problem
(1 - full, 2 - half, 4 - quarter)

ptr surface usage
- pointer to linked list for surface labels

and indices
ptr material usage

- pointer to linked list for material labels
and indices

bypass density
- density for bypass water in problem (g/cc)

*afl - active fuel length (cm)
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I

- - Variable Definition(s) - - - - - - - - - - - - - -
- - Integer Variable(s)

n en
ns - counter for number of "virtual" surfaces accmulated

tries.- number of elements and isotopes in a particular
material

index - index used for searching usage lists
zero - zero value;
pid - process identifier of job creating input deck

:rsion - version number for linkage codeve
*1

short int ns;
int n entries,index,zero - 0;
extern short version;
extern long pid;

/* - Float Variable(s)
- - density - material density

*/
float density;

/* - Character Variable(s)
- - buffer - string variable used to load entire
- - label - label for editing
- - ptr buf - pointer to buffer;
- - zaid - MCNP element/isotope identifier
- - mnemonic - surface type mnemonic
- - case title - title for job
- - value - definition of surface
- - codemn - name of linkage code
- - cdate - date of linkage code execution
- - crtime - time of linkage code execution
- - modification level
- ^ - modification level for linkage code
/I

lines for print

'A

char zaid(ll3, mnemonic(4j;
extern char case title3];
ascii string buffer, label, value;
char *ptr buf;
extern char codenm(51;
extern char cdate[9J;
extern char crtime(9j;
extern char modification level;
- FILE Variable(s)

- - nout - output file

extern FILE *nout;
- Structured Variable(s)

- - ptr-mtl - pointer to material definition link list
- - pm - working pointer to material definition link list
- - ptr sl - pointer to current record in surface usage link list
- - ptr ml - pointer to current record in material usage link list

11 material *ptr mtl, *pm;
usage list *ptriml - NULL;

la
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surface usage list *ptr sl - NULL;
/* - Write Title for Case and Header Records for Cell Representations *1

fprintfalue,case title);
fprintfl(u8,"c\n");
fprintf(lu8,"c Input Deck Generated by Ss, Version %2i:%c\n"
,codenm,version,modification level);

fprintf(lu8,"c Generated on Ss at %s by Process %i\n"
,cdate,crtime,pid);

fprintf(lu8,"c\nw);
fprintf(luB,"c Cell Cards\n");
fprintf(lu8, 'c\n");
fprintf(lu8,"c Cells Defining Problem Domain\n");
fprintf(lu8,"c\n");

/* - Write Header Records for Surface Representations - - - -…*
fprintf(lu9,"c Surface Cards\n");
fprintf(lu9,wc\n");
fprintf(lu9,'c Surfaces for Problem Domain\n");

/* - Write Header Records for Material Representations - - - - - - - -*
fprintf(lulO,"c Material Cards\n");

/* - Write Header for Deck Generation Edit Table /
header );
lines(5);
fprintf(nout
,OOMCNP Input Card Representation Generation Summary Table\n");

fprintf(nout
,"O Cell Surface(s) Material/Index/Density Universe");

fprintf(nout," Definition\n");
fprintf(nout,"\n");

J* - Vessel - - - - - - - - - - - - - - -… - - - - - - - - - - - - *
/* - Cell Cards */

(*nmaterial)++;
{ int len - 6, length;
length mchar(&lenmvessel);
mvessel[length) - '\0';

ptr mtl - material match(ptr core mtls,mvessel,&density
,&nientries);

*ptr material usage - load usage list(mvessel,l,*ptr material usage);
ptr ml - *ptr material-usage;
strcpy(label, "Pressure Vessel");
add cell(label,mvessel,luB,ncell,*nmaterial,-density,&zero);

/* - Surface Cards /
/* - Top of Problem */

strcpy(label,"Top of Problem");
strcpy(mnemonic, wpz");
index - -1;
sprintf(value,"%10.4E",(tcgr+30.0));
add surface(O,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);

/* - Bottom of Problem */
strcpy(label,"Bottom of Problem");
strcpy(mnemonic,"pz");
index - 1;
sprintf(value,"%10.4E, (bcpr-30.0));
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add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usagensurface);

J* - Maximum Radial Extent of Problem *1
strcpy(label,"Maximum Radial Extent of Problem");
strcpy(mnemonic, cz");
index - -1;
sprintf(value, "%10.4E", (vod/2));
add surface (0,label,mnemonic,luB,lu9,&index,value
,ptr surface usagensurface);

/* - Symmetry Boundaries, if Present *J
if((core f -- 2) II (core f -- 4M

(*nsurface)4+;;
strcpy(label,"X-Z Plane");
strcpy(mnemonic,"py");
strcpy(value, "o .o") ;
ptr sl - ptr surface usage;
while(ptr sl->next 1- NULL) ptr8sl - ptr sl->next;
ptr sl - load surface usage list(label,*nsurface,value
,mnemonic,"",ptr 81);*

fprintf(luB," %i",*nsurface);
fprintf lu9,"c %s\n",ptr sl->label);
fprintf(lu9," *%li ts O.O\n",*nsurface,mnemonic);
sprintf(buffer," %6i",*nsurface);
bufferpad(buffer,strlen(buffer),59);
ptr buf - buffer.59*sizeof(char);
sprintf (ptr buf, "%s\n", label);
lines~l);
fprintf(nout,buffer);
if(core f -- 4)l

(*nsurface)++;
strcpy(label,"Y-Z Plane");
strcpy(mnemonic,"px");
strcpy(value,"0.0");
ptr sl - load surface usage list(label,*nsurface,value
,mnemonic, t",ptr sl);

fprintf(lu8," Si",-4*nsurface));
fprintf(lu9,"c %s\n",ptr-sl->label);
fprintf(lu9,1 *tli ts 0.0\n",*nsurface,mnemonic);)
sprintf(buffer," 16i Ss",-(*nsurface),mnemonic);
bufferpad(buffer,strlen(buffer),59);
ptr buf - buffer+59*sizeof(char);
sprintf(ptr-buf,"%s\n",label);
lines(l);
fprintf(nout,buffer);

/* - Inner Radial Surface of Vessel */
strcpy(label,"Inner Radial Surface of Vessel");
strcpy(mnemonic, "cz);
index - 1;
sprintf(value,"%10.4E",((vod/2)-vthick));
add surface(O,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);

fprintf(lu8,"\n imp:n- l.0\n");
/* - Material Cards */
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add material(lulO,nmaterial,mvesseln entries,ptr mtl);
rollupllm(ptrjmtl);

1* - "Outside" World - - - - - - - - - - - - -… - - - - - - - - - _
/* - Cells */
strcpy(label,"""Outside"" World");
add cell(label,"void",lu8,ncell,0,00,&zero);

/* - Edit List of Surfaces 4/

fprintf(lu8," (K);
/* - Maximum Radial Extent of Problem */
index - 3;
search surface usage list(O,label,&index,"","",""
,ptr surface usage);

add surface(l,label,1 ",luB,1u9,&index,"",ptr surface usage
,nsurface);

*- Top of Problem */
index - 1;
search surface usage list(O,label,&index, "l,"",""
,ptr surface usage);

fprintf(lu8,":");
add surface(l,label"",lu8,1u9,&index,"",ptr surface usage

,nsurface);
/* - Bottom of Problem /
index - 2;
search surface usage list(0,label,&index, "","","n
,ptr surface_usage);

fprintf(1u8,":");
index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage

,nsurface);
*- Symmetry Surfaces, if present) 4/

if((core f - 2) 11 (core-f -- 4))(
strcpy(label,"X-Z Plane");
search surface usage list(l,label, &index, "","","'
,ptr surface usage);

fprintf(1u8, B:I);
index - -index;
add surface(l,label,",lu8,1u9,&index,"",ptr surface usage
,nsurface);

if(core f -- 4H
strcpy(label,"Y-Z Plane");
search surface usage list(l,label,&index, "",",
,ptr surface usage);
fprintf(lu8,":");
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface)

fprintf(luB,") if);

fprintf(luB,"\n imp:n- 0.0\n");
/* - Jet Pump Region - - - - - - - - - - - - - - - - - - - - - - - -/
/* - Cells .1

(*nmaterial) 4+;
strcpy(label,"Jet Pump Region");
add cell(label,"Bypass Water",lu8,ncell,*nmaterial,-bypass density
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,&zero);
/* - Surface(s) *J
/* - Inner Radial Surface of Vessel */
strcpy(label,"Inner Radial Surface of Vessel");
search surfaceyusagelist(l,label,&index,"","",nn
,ptr surface usage);

if(index -- 0)(
lines(3);
fprintf(nout,"O*** F a t a I E r r o r -- Function");.
fprintffnout," vessel generation -- \n");
fprintf(nout," Surface not Found in Linked List, label -

fprintf(nout," ns\i",label);
abortl;)

index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

/* - Outer Radial Surface of Core Shroud */
strcpy(label,"Outer Radial Surface of Core Shroud");
strcpy(mnemonic,"cz");
index - 1;
sprintf(value,"10.4E',(sod/2));
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

/* - Symmetry Surfaces, if present) */
if((core-f -- 2) II (core-f -- 4))
add symmetry surfaces(core f,lu8,1u9,ptr surface usage,0);

/* - Top of Problem */
strcpy(label,"Top of Problem");
search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if(index -- 07(
lines(3);
fprintf(nout,"o*** F a t a 1 B r r o r -- Function");
fprintf(lout," vesselgeneration -- \n");
fprintf(nout," Surface not Found in Linked List, label -

fprintf(nout," IsWn",label);
aborto0;)

index - -index;
add surface(l,label,"",lu8,1u9, index,"",ptr surface usage
,nsurface);

/* - Bottom of Problem *1
strepy(label,"Bottom of-Problem");
search surface usage list(l,label,1 index,"", "', ""

,ptr surface usage);
if(index -- O){
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r F -- Function");
fprintf(nout," vesselgeneration -- \n");
fprintf(fnout," Surface not Found in Linked List, label -

fprintf(nout," ts\n",label);
aborto;)J

add surface(l,label,"",lu8,1u9,&index,"",ptrsurface usage
,nsurface);

fprintf(1u8,"\n imp:n-l.O\n");
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J* - Material(s) */
I short int i, nloc;
char *cp;
strcpy(label,"Bypass Water");
fprintf(lulO,"c %s\n",label);
ptr ml - loadusage list(label,*nmaterial,ptr ml);
strcpy(zaid, "001001.50c");
nloc 0;
if(*nmaterial < 1000) nloc++;
if(*nmaterial < 100) nloc+4;
if(*nmaterial < 10) nloc++;
strcpy(label,"2.0");

short int ip;
for(ip - l;ip <- nloc;ip++)
fprintf(lulO," ");
fprintf(lulO,"mi %s %s\n"
,*nmaterial,zaid,label);

strcpy(zaid,"008016.50c");
strcpy(label,"1.0");
fprintf(lulO," ns Is\n"

,zaid,label);.
( short int ip;
for(ip - 1;ip <- (nloc-1);ip++) fprintfjlulO," ");
fprintf(lulO,"mti lwtr. 01\n", *nmaterial);

/* - Core Shroud - - - - - - - - - - - - - - - - - - - - - - - - - -*
/* - Cells */
strcpy(label,"Core Shroud");

/*- Load Core Materials Database */
int len - 6, length;
length - mchar(4len,mshroud);
mshroud(length] - '\0';

)
search usage list(l,mshroud,&index,*ptr material usage);
if (index -- 0)(

(*nmaterial) ++;
index - *nmaterial;
ptrmtl - material match(ptr core mtls,mshroud,&density
,&n entries);

ptr ml - *ptr material usage;
while(ptr ml->next I- NULL) ptr ml - ptrml->next;
index - (ptr ml->index)+l;
ptr ml - load usage list(mshroud,index,ptr ml);)

else
n entries - 0;

add cell(label,mshroudluB,ncell,index,-density,&zero).;
/* - Surface s) */
/* - Outer Radial Surface of Core Shroud */

strcpy(label,"Outer Radial Surface of Core Shroud");
search surface usage list(l,label,&index,n "",""t

,ptr surface usage);
if(index -- 0){
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lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r * -- Function");
fprintf(nouto" vessel generation -- \n");
fprintf(nout," Surface not Found in Linked List, label _
fprintf(nout,' %s\n",label);
aborto);)

index - -index;
add surface(l,label, "',lu8 lu9, &index, "",ptr surface usage
,nsurface);

/* - Inner Radial Surface of Core Shroud */
strcpy(label, "Inner Radial Surface of Core Shroud");
strcpy(mnemonic, cz");
sprintf(value,tl0.4E", ((sod/2)-sthick));
add surface(O,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);

/* - Symmetry Surfaces, if present) /
if((corej - 2) II (core-f -- 4))
add symmetry surfaces(coref,luu8,1u9,ptr surface usage,O);

/* - Top of Problem */
strcpy(label,"Top of Problem");
search surface usage list(l, label, &index, " , f",nl

,ptr surface usage);
if(index - 0)1

lines(3);
fprintf~nout,O*** F a t a 1 E r r o r ** -- Function");
fprintf(nout," vessel generation -- W);
fprintf(nout," Surface not Found in Linked List, label _
fprintf(nout," ts\n",label);
abort();)

index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

/* - Bottom of Problem */
strcpy~label,"Bottom of Problem");
search surface usagelist (l, label,&index,"","","I
,ptr surface usage);

if(index - 0){
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r ** -- Function");
fprintf(nout," vessel generation -- W);
fprintf(nout," Surface not Found in Linked List, label _
fprintf(nout," %s\n",label);
aborto0;)

add surface(l,label,"",1u8,1u9, index,"",ptr surface usage
,nsurface);

fprintf(luB,"\n imp:n-1.0\n");
/* - Material(s) */
ifn entries !- O)H

addjmaterial(lulO,nmaterial,mshroud,n entries,ptr mtl);
rollupllm(ptrmtl);

}
/* - Upper Tie Plate Region - - - - - - - - - - - - - - - - - - - -*
/* - Cells */

I int len - 6, length;
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length - mchar(&len,mutp);
mutp[lengthl - '\0';

strcpy(labelmutp);
(*nmaterial)++;
ptr mtl - material match(ptr core mtls,mutp,&density,&n entries);
ptr ml * ptr material usage;
while(ptr ml->next !- NULL) ptr ml - ptr ml->next;
index (ptr ml->index)+l;
ptr ml - load usage list(mutp,index,ptr ml);
strcpy(label,"Upper Tie Plate Region");-
add cell(labelmutp,lu8,ncell,index,-density

&zero);
/* - Surface(s) /
/* - Inner Radial Surface of Core Shroud *J
strcpy(label,"Inner Radial Surface of Core Shroud");
search surface usage list(l,label,&index, "", """"

,ptr surface usage);
if(index -- 0)l

lines(3);
fprintf(nout,"O*** F a t a I E r r o r '* -- Function");
fprintf(nout," vessel generation -- \n);
fprintf(nout," Surface not Found in Linked List, label - 1);
fprintf(nout,n ts\nw,label);
abort 0;)

index - -index;
add surface(l,label, n",lu8,lu9, index,"",ptr surface usage
,nsurface);

/* - Symmetry Surfaces, if present) */
if((core f -- 2) II (core f -- 4))

add symmetry surfaces(core f,lu8,1u9,ptrsurface usage,O);
J* - Top of Active Fuel *J
strcpy(label,"Top of Active Fuel");
strcpy(mnemonic,"pz");
index - 1;
sprintf(value, "1%0.4E",afl);
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

/* - Top of Upper Tie Plate Region */
strcpy(label,"Top of Upper Tie Plate Region");
strcpy(mnemonic,"pz');
sprintf(value,"%10.4E",tutpr);
index - -1;
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptrsurface usage,nsurface);
fprintflluS,"\n imp:n-1.0\n');

/* - Material(s) */
add material(lulO,rmaterial,mutp,nentries,ptr mtl);
rollup llm(ptr mtl);

J* - Core Grid Region - - - - - - - - - - - - - - - - - - - - - - -*
J* - Cells */

int len - 6, length;
length - mchar(&len,mtg);
mtg[length] - '\0';
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(*nmaterial)++;
ptr mtl - material match(ptr core mtls,mtg,&density, n entries);
ptr ml - *ptr material usage;
while(ptr ml->next !- NULL) ptr ml.- ptr-ml->next;
index - (ptr ml->index)+l;
ptr ml - load usagejlist(mtg,index,ptr ml);
strcpy(label, "Core Grid Region");
add cell(label,mtg,luB,ncell,index,-density
,&zero);

/* - Surface(s) *J
/* - Inner Radial Surface of Core Shroud *J
strcpy(label,"Inner Radial Surface of Core Shroud");
search surface usage list(l,label, index, "","n,",
,ptr surface usage);

if(index -- 0)H
lines(3);
fprintf(nout,O*** F a t a 1 E r r o r * -- Function");
fprintf(nout," vessel_generation -- \n);
fprintf(nout," Surface not Found in Linked List, label -
fprintf(nout,w ts\n",label);
abortl);)

index - -index;
add surface(l,label,"", luB,1u9,&index," ",ptr surface usage
,nsurface);

*- Symmetry Surfaces, if present) *J
if((core f -- 2) 11 (core f - 4))
add symmetry surfaces(core f,lu8,1u9,ptr surface usage,O);

/* - Top of Upper Tie Plate Region */
strcpyllabel,*Top of Upper Tie Plate Region");
search surface usage list(l,label, index,"","",""
,ptr surface usage);

if(index -- 0)1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r -- Function");
fprintf(lout," vesselgeneration -- \n");
fprintf(lout," Surface not Found in Linked List, label -
fprintf(nout," %s\n",label);
aborto);l

add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

/* - Top of Core Grid Region */
strcpy(label,"Top of Core Grid Region");
strcpy(mnemonic,"pz");
index - -1;
sprintf(value, %l0.4E",tcgr);
add surface(O,label,mnemonic,lu8,1u9, Lindex,value
,ptr surface usage,nsurface);

fprintf(lu8,"\n imp:n-l.0\nw);
t* - Material(s) */
add material(lulO,nmaterial,mtg,nentries,ptr mtl);
rollup-llm(ptr mtl);

/* - Upper Plenum Region - - - - - - - - - - -…*
/* - Cells */
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strcpy(label,"Bypass Water");
search usage list(l,label,&index,*ptr material-usage);
if(index -- O)

lines(3);
fprintf(nout,'O*** F a t a 1 E r r o r -- Function");
fprintf(nout," vessel generation -- \n");
fprintf(nout," Material not Found in Linked List, label -
fprintf(nout," IsWn",label);
aborto);1

strcpy(label,"Upper Plenum Region");
add cell(label,"Bypass Water",lu8,ncell,index,-bypass density
,&zero);

/* - Surface(s) */
J* - Inner Radial Surface of Core Shroud *J

strcpy(label,"Inner Radial Surface of Core Shroud");
search surface usage list(l,label,&index, ., . W

,ptr surface usage);
if(index -- OH

lines(3);
fprintftnout,"O*** F a t a 1 E r r o r ** -- Function");
fprintf(nout," vessel generation -- \n");
fprintf(fnout," Surface not Found in Linked List, label _
fprintf(nout," ts\n",label);
aborto0;)

index - -index;
add surface(l,label,"",luS,lu9,&index,"",ptr surface usage
,nsurface);.

I" - Symmetry Surfaces, if present) */
if((core f -- 2) 11 (core-f -- 4))
add symmetry surfaces(core f,lu8,lu9,ptrsurface usage,0);

/* - Top of Core Grid Region */
strcpy(label,"Top of Core Grid Region");
search surface usage list(l,label,&index, "","",""
,ptrsurface usage);

if(index -- O)f
lines(3);
fprintf(nout,i"O*** F a t a 1 E r r o r * -- Function");
fprintf(nout," vesselgeneration -- \n");
fprintf(nout," Surface not Found in Linked List, label - w);
fprintf(nout," Is\n",label);
abortt);)

add surface(l,label,"",lu8,1u9,&index, "",ptr surface usage
,nsurface);

J* - Top of Problem */
strcpy(label,"Top of Problem*);
search surface usage list(l,label, index, W,"V,""

,ptr surface usage);
if(index -- 0)l

lines(3);
fprintf(nout,iO*** F a t a 1 E r r o r -- Function");
fprintf(nout," vessel generation -- Wl);
fprintf(nout," Surface not Found in Linked List, label -
fprintf(nout," ns\n", label);
abort 0;)
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index - -index;
add surface(llabel,""n, luB, lu9g,&index, ""nptr surface usage
,nsurface);

fprintf(lu8,"\n imp:n-l.0\n');
/* - Material(s) */
/* - Bypass Water Assumed in this Region *J
/* - Lower Tie Plate Region - - - - - - - - - - - -…*
/* - Cells */

{ int len - 6, length;
length - mchar(&len,mltp);
mltp(length) -j\0j;

(*nmaterial)++;
ptr-mtl - material match(ptr corejmtls,mltp,&density, n entries);
ptr'ml - *ptrjmaterial usage;
while(ptr ml->next !- NULL) ptr ml - ptr ml->next;
index - (ptr ml->index)+l;
ptr ml - load usage list(mltp,index,ptr ml);
strcpy(label,"Lower Tie Plate Region");
add cell(label,mltp,luB,ncell,index,-density
,&zero);

/* - Surface(s) */
- Inner Radial Surface of Core Shroud */

strcpy(label,nInner Radial Surface of Core Shroud");
search surface usage list(l,label,&index,"","",""
,ptr surfaceyusage);

if(index -- 0)l
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r * -- Function");
fprintf(nout," vessel generation -- \n");
fprintf(nout," Surface not Found in Linked List, label *
fprintf(nout,n %s\n',label);
abort();)

index - -index;
add surface(l,label, "",lu8, lu9, &index," ,ptr surface usage
,nsurface);

/* - Symmetry Surfaces, if present) */
if((core f -- 2) II (core f -- 4))
add symmetry surfaces(core f,lu8,1u9,ptr surface usage,0);

/* - Bottom of Active Fuel */
strcpy(label,"Bottom of Active Fuel");
strcpy(mnemonic,"pz');
sprintf(value,"0.0");
index - -1;
add surface(O,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);

/* - Bottom of Lower Tie Plate Region */
strcpy(label,"Bottom of Lower Tie Plate Region");
strcpy(mnemonic, "pz");
sprintf(value, %10.4E",bltpr);
index - 1;
add surface(O,label,mnemonic,luS,1u9,&index,value
,ptr surface usage,nsurface);

fprintf(au8,"\n imp:n-l.O\n");
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/* - Material(s) */
add material(lulO,nmaterial,mltp,n.,entries,ptr mtl);
rollup llm(ptr mtl);

/* - Fuel Support/Core Plate Region - - - - - - - - - - - - - - - -*
/* - Cells */

int len -. 6, length;
length - mchar(&len,mcp);
mcptlengthl - '\0';

(*nmaterial)++;
ptr mtl - material match(ptr core mtls,mcp,&density,&n entries);
ptr-ml - *ptr material usage;
while(ptr ml->next !- NULL) ptr ml - ptr-ml->next;
index - (ptr~ml->index)+1;
ptr ml load usage list(mcp,index,ptr ml);
strcpy(label,"Fuel Support/Core Plate");
add cell(label,mcp,lu8,ncell,index,-density,&zero);

/* - Surface (s) */
/* - Inner Radial Surface of Core Shroud */
strcpy(label,"Inner Radial Surface of Core Shroud"):
search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if(index -- 0)1
lines(3);
fprintf(nout,tO*** F a t a 1 E r r o r * -- Function");
fprintf(nout," vesselgeneration -- \nn);
fprintffnout," Surface not Found in Linked List, label _
fprintf(nout," ts\n",label);
aborto);1

index - -index;
add surface(l,label,"",lu9,lu9,&index,"",ptr surface usage
,nsurface),

J* - Symmetry Surfaces, if present) */
if((core f -- 2) II (core f -- 4))
add symmetry surfaces(core f,lu8,1u9,ptrsurfaceusage,O);

/* - Bottom of Lower Tie Plate Region */
strcpy(label,"Bottom of Lower Tie Plate Region");
search surface usage list(l,label,&index,"n","","
,ptr surface usage);

if(index -- O71
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r * -- Function");
fprintf(nout," vessel generation -- \n");
fprintflnout," Surface not Found in Linked List, label -
fprintflnout," Is\n",label);
abort();)

index - -index;.
add surface(l,label, ",nluS, lu9, &index, "nptr surface usage
,nsurface);

/*- Bottom of Fuel Support/Core Grid Region */

strcpy(label,"Bottom of Fuel Support/Core Plate Region"):
strcpy(mnemonic,"pz");
sprintf(value,"%l0.4E",bcpr);
add surface(O,label,mnemonic,luB,1u9,&index,value
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,ptr surface usagensurface);
fprintf(lu8,"\n imp:n-1.O\n");

/* - Material(s) *t
add material(lulOnmaterialmcpln entries,ptr mtl);

1* - Lower Plenum Region - - - - - - - - - - - - - - - - - - - - -…*
J* - Cells */
strepy(label,"Bypass Water");
search usage list(l,label,&index,*ptr material usage):
if(index -- O)l

lines(3);
fprintf(nout,"O*** F a t a I E r r o r * -- Function");
fprintf(nout," vessel generation -- \n");
fprintf(nout," Material not Found in Linked List, label _
fprintf(nout," Is\n",label);
abort 0;)

sprintf(label,"Lower Plenum Region");
add cell(label,"Bypass Water",luB,ncell,index,-bypass density
,&zero);

/* - Surface(s) /
/* - Inner Radial Surface of Core Shroud *1
strcpy(label,"Inner Radial Surface of Core Shroud");
search surface usagelist(l,label,&index,"","", ""
,ptr surface usage);

if(index -- 0)O
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r * -- Function");
fprintf(nout," vessel generation -- \n");
fprintf(nout," Surface not Found in Linked List, label _ "3;
fprintf(nout," Ws~n",label);
aborto0;)

index - -index;
add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

/* - Symmetry Surfaces, if present) *1
if((core f -- 2) 11 (core f -- 4))
add symmetry surfaces(core f,luB,lu9,ptr surface usage,0);

/* - Bottom of Fuel Support/Core Plate Region */
strcpy(label,"Bottom of Fuel Support/Core Plate Region");
search surface usagelist(l,label,&index,"","",""
,ptr surface usage);

if(index -m 0){
lines (3);
fprintf(nout,"O*** F a t a 1 E r r o r * -- Function");
fprintf(nout," vessel generation -- \n");
fprintf(nout,l Surface not Found in Linked List, label =
fprintf(nout," Ws~nw,label);
aborto);)

index - -index;
add surface(llabel,",luBlu9, index, ",ptr surface usage
,nsurface);

/* - Bottom of Problem */
strcpy(label,"Bottom of Problem");
search surface usage list(l,label,&index,"","",""I
,ptr_surface usage),
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if(index -- 0)1
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r -- Function");

fprintf(nout," vessel generation -- \n");

fprintf(nout," Surface not Found in Linked List, label

fprintf(nout," %s\n",label);
aborto;):

add surface(l,label,",n lus,1u9,&index, "",ptr surface usage

,nsurface);
fprintf(luB,"\n imp:n-1.O\n");

/* - Material(s) */
/* - Bypass Water Assumed in this Region *I
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1. Introduction

This attachment contains listings of the FORTRAN routines that comprise version 1 of the IDSGEN code.
The listings are divided by functional block as In the description of the code given In Attachment ViIi and
Table 1-1 gives the sections in which the listing for each functional block are located.

Table 1-1 Location of Listings for Each Functional Block

Section Contents
2.1 Main Function
2.2 Service Routines
2.3 Input Routines
2.4 Routines Processing Unexposed Fuel Lattices
2.5 Routines Processing Exposed Fuel Lattices
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2. Routines for IDSGEN, Version 1

2.1. Main Routine

PROGRAM IDSGEN{FPREFIX)
C - -- - - - - -- - - - - - - - - - - - - - - _
C - - * I D S G E N * Creates Intermediate Fuel Material Composition
C - - Datasets for Use in Automated Linkage between
C - - SAS2H and MCNP
C - - - - - - - _ - - - - - - - - - - - - - - _
C - - Modification Log:
C - - Version Mod Description
C - - --------------------------------------------------
C - - 0 - Initial Release
C -- - - - - - - - - - - - - - - - - - - - - - - -
C - - Command Line Variable(s)
C - - FPREFIX - prefix for input and output files
C-
C-
C-
C-
C-
C-
C-

- Logical Units used for Code - - - - - - - - - -
- LU3 - (3) Database Containing Nuclide List

Dataset for Exposed Fuel
- NIN - (5) Input Unit
- NOUT - (6) Output Unit
- - - - - - - - - - - - - - - - - - - - - - - - -

used to Create

C
C
C
C

C
C
C
C
C
C
C
C
oC
C
C
C
C
C
C
C
C
C

C
C
C
C

c

- - Parameter Statement(s) - - - - - - - - - - - - - - - - - - - - - -
- - MXMEM - maximum number of storage locations available in blank
- - common buffer

PARAMETER (WCMEM-20000)
- - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
- - OPTION - Processing Option
- - (0 - Unexposed Fuel, 1 - Exposed Fuel)
- - FADEX - Fuel Assembly Index Number
- - SMEAR - Flag for Unexposed Fuel Cases to Indicate that the
- - Average Results should be Uniformly Applied to all the
- - . Fuel Rods
- - (0 - Do Not Smear, 1 - Smear, 2- Smear between gad and n
1ly)
- - MDEX - Single Character Indicating Fuel Manufacturer
- -. FIN - Name for Input File
- - FOUT - Name for Output File
- - INNAME - Name for NAMELIST Directive
- - NDNAME - Name for SAS2H Cut File
- - DBTTL - Title on Database File
- - DB NAME - File Specification for Database File
- - CUT - Flag to Indicate whether the SAS2H Output is a Full
- - Output or a "Cut" File
- - (0 - Full Output, 1 - "Cut" File)
- - NOGAD - Flag to Indicate whether GadoliniV present as an
- - Integral Burnable Absorber should be included in the
- - Fuel Material Intermediate Dataset
- - (0 - Delete Gadolinia, 1 - Retain Gadolinia)

INTEGER OPTION,FADEX,SMEAR,CUT,NOGAD

nogad
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CHARACTER*1 MDEX
CHARACTER*7 INNAME
CHARACTER*80 NDNAME,FIN,FOUT,FPREFIX,DBTTL
CHARACTER'132 DBNAME

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /PAGES/ NPAGE,NIN,NOUT
COMMON /FILES/ LU1,LU2,LU3
COMMON /MMANAG/ NEXT,MXAVIL,MXUSED

C - - Blank Common - - - - - - - - - - - - - - - - - - - - - - - -

COMMON A(MXMEM)
C - - Data Statement(s) - - - - - --- - - - - - - - - - - - - - - - - -

DATA INNAME/'$FUEL'/
C - - Initializations - - - - - - - - - - - - - - - - - - - - - - - - -
C - - MXAVIL - Maxmimum Number of Storage Locations Available in the
C - - Code (Set by a PARAMETER Statement in the Main Routine)

MXAVIL - MXMEM
C - - Construct Names for Input and Output Files - - - - - - - - - - - -

WRITE(FIN,'(A)') FPREFIX
WRITE(FIN((MCHAR(80,FIN)+l):),'(''.inp'')')
WRITE(FOUT,'(A)') FPREFIX
WRITE(FOUT((MCHAR(80,FOUT)+l):),'(''.out'")')

C - - Open Input and Output Files
CALL FOPEN(NIN,FIN)
CALL FOPEN(NOUT,FOUT)
CALL INHEAD

C - - Echo Input File
CALL ECHO(INNAME)

C - - Read Input - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C - - Li - DENSITY, L2 - PELOD , L3 - ENRICH , L4 - GDCON

C-- LS - MAP
CALL READIN(OPTION,NLAT,MDEX,FADEX,NODE,NDNAME,A
2 ,NTYPE,L1,L2,L3,L4,L5,SMEAR,DB NAME,HEIGHT,CUT,NOGAD,NOFPGD)

CALL EDITIN(OPTION,NLAT,MDEX,FADEX,NODE,NDNAME
2 ,NTYPE,A(Ll),A(L2),A(L3),A(L4),A(L5),SMEAR,DB NAME,HEIGHT
3 ,CUT,NOGAD,NOFPGD)

C - - Covert Height to cm
HEIGHT - 2.54*HEIGHT

C - - Read Database of Valid Nuclides and Associated MCNP Identifiers -

C-- L26 - NMEM, L27 - MPRFX , L28 - MSUFX
CALL FOPEN(LU3,DBNAME)
CALL READDB(LU3,A,NNUCLD,L26,L27,L28,DBTTL)
CALL FCLOSE(LU3)
CALL EDITDB(NUCLD,DBTTL,A(L26),A(L27),A(L28))
IF(OPTION .EQ. 0) THEN

C - - Compute Number of Fuel Rods of Each Type
C-- L6 -NRODS

L6 - MEMORY(NTYPE,l)
CALL CNRODS(NTYPE,NLAT,A(L5),A(L6))

C - - Compute Average Parameters
C-- L7 - MU02 , L8 -MU , L9 - MO ,L10 - MUI
C-- L11 - MGD203, L12 - AMU02, L13 - UAW , L14 - W24
C - - L15 - W26 , L16 - W28 , L17 - AMU , L18 - AMO
C - - L19 - AMGD2O3,L20 - FUI , L21 - FGDI , L22 - AMGD

C - - L23 - MGD , L24 - MGDI , L25 - RTFI
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. . ,

L25 - MEMORY(12*NTYPEi)
L20 - NEMORY(4,1)
L21 - MEMORY (7, 1)
L7 - MEMORY(NTYPE,1)
L8 - MEMORY(NTYPE,1)
L9 - MEMORY(NTYPE,i)
LI - MEMORY(4*NTYPE,i)
Lll - MEMORY(NTYPE,i)
L12 - MEMORY(NTYPE,1)
L13 - MEMORY(NTYPE,1)
L14 - MEMORY(NTYPE,l)
L15 - MEMORY(NTYPE,1)
L16 - MEMORY(NTYPE,i)
L17 - MEMORY(NTYPE,l)
L18 - MEMORY(NTYPE,l)
L19 - MEMORY(NTYPE,1)
L22 - NEMORY(NTYPE,l)
L23 - MEMORY(NTYPE,l)
L24 - MEMORY(7*NTYPE,i)
CALL AVERAG(SMEAR,NTYPE,ACL6),A(Ll),A(L2),A(L3),A(L4)

2 ,A(L7),A(L8),A(L9),A(LlO),A(Lll),A(L12),A(L13),A(L14),A(L15)
3 ,A(L16),A(Ll7),A(L8B),A(Ll9),A(L20),A(L21),FO,A(L22),A(L2 3)
4 ,A(L24),A(L25))

CALL EDTAVG(SMEAR,NTYPE,A(L6),A(LI),A(L2),A(L3),A(L4),A(L7)
2 ,A(L8),A(L9),A(LlO),A(Lll),A(L12),A(L13),A(L14),A(L15),A(L16)
3 ,A(L17),A(LlB),A(Ll9),A(L20),A(L21),FO,A(L22),A(L23),A(L24)
4 A(L25))

L24 - MEMORY(7*NTYPE,-l)
L23 - MEMORY(NTYPE,-l)
L22 - MEMORY(NTYPE,-1)
L19 - MEMORY(NTYPE,-1)
L18 - MEMORY(NTYPE,-1)
L17 - MEMORY(NTYPE,-1)
L16 - MEMORY(NTYPE,-1)
L15 - MEMORY(NTYPE,-1)
L14 - MEMORY(NTYPE,-1)
L13 - MEMORY(NTYPE,-1)
L12 - MEMORY(NTYPE,-i)
Lil - MEMORY(NTYPE,-i)
L10 - MEMORY(4*NTYPE,-1)
L9 - MEMORY(NTYPE,-1)
L8 - MEMORY(NTYPE,-i)
L7 - MEMORY(NTYPE,-1)

C - - Create Dataset for Unexposed Fuel
CALL DSGEN(SMEAR,MDEX,NLAT,NTYPE,A(L6),A(Ll),A(L2),A(L3),A(L4)

2 ,A(L5),A(L20),A(L21),FO,A(L25),FADEX,NNUCLD,A(L27),A(L28)
3 ,NODE)
ELSE

C - - Exposed Fuel - - - - - - - - - - - - - - - - - - - - - - - - - - -
C - - L29 -INM , L30 - WPI

L29 - NEMORY(NNUCLD,l)
L30 - MEMORY(NNUCLD,1)
CALL FOPEN(LU2,NDNAME)
IF(CUT .EQ. 1) THEN
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CALL SLOAD(LU2,NNUCLDA(L29),A(L26),NOGADNOFPGD)
ELSE

CALL SLOAD2(LU2,NNUCLD,A(L29),A(L26) ,NOGAD)
ENDIF
CALL FCLOSE(LU2)

C - - Compute U02 Mass for Unexposed Fuel, Average Enrichment and Aver-
C - - age Density
C - - L31 - NRODS

L31 - MEMORY(INTYPE,1)
CALL CMASS(NLAT,NTYPE,A(Ll),A(L2),A(L3),A(L5),HEIGHT,U02NM

2 ,EAVG,RHOAVG,A(L4),GDCAVG,A(L31),FNVOL)
C - - Generate Oxygen Mass for SAS2H Data

CALL MOGEN(NNUCLD,A(L29),UO2NM,EAVG,A(L26),GDCAVG)
C - - Edit Nuclide Nodal Masses, Total Mass and Average Enrichment and
C - - Compute Weight Percentages

CALL MASSES(NNUCLD,U02NM,EAVGRHOAVG,A(L29),A(L26),A(L27)
2 ,A(L28),A(L30),FNVOL,RHOEFF)

C
C - - Option on smear for exposed fuel
C - - Write Dataset for Exposed Fuel, Smeared isotopics

IF (SMEAR .EQ. 1) THEN
CALL DSGENE(MDEX,NLAT,NTYPE,A(L31),RHOEFF,A(L2),A(L5),FADEX

2 ,NNUCLD,A(L27),A(L28),EAVG,GDCAVG,A(L30),NODE)
ELSE

C - - Write Dataset for Exposed Fuel, discrete gd isotopics
CALL DSGEND(SMEARMDEX,NLAT,NTYPE,A(L31),RHOEFF,A(L2)

2 ,A(L3),A(L4),A(L5),FADEX,NNUCLD,A(L27),A(L28)
3 ,EAVG,GDCAVG,A(L30),NODE)
ENDIF

ENDIF
CALL FCLOSE(LU2)

C - - End of Processing- - - - - - - - - - - - - - - - - - - - - - - - -
CALL MEMSUM
CALL FCLOSE(NOUT)
END
BLOCK DATA

C -- - - - - - - - - - - - - - - - - - - - - - - -
C - - * B L 0 C K D A T A * Initialization of Names Common Blocks
C -- - - - - - - - - - - - - - - - - - - - - - - _
C -

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /LINECM/ NLINE,MAXLIN
COMMON /PAGES/ NPAGE,NIN,NOUT
COMMON /CODEID/ CODENM(6),TITLE,VERSONMOD,PID
CHARACTER*1 CODENM,MOD
CHARACTER*2 VERSON
CHARACTER*5 PID
CHARACTER*122 TITLE
COMMON /FILES/ LU1,LU2,LU3
COMMON /AWEIGHT/ AWU(4),AWGD(7),AGD(7),AWO

C - - Common Block /LINECM/ - - - - - - - - - - - - - - - - - - - - - -

C - - MAXLIN - Maximum Number of Lines on a Page
DATA MAXLIN/62/

C - - Common Block /PAGES/ - - - - - - - - - - - - - - - - - - - - - - -
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C - - NIN - Logical Unit Number for Input to Code
C - - NOUT - Logical Unit Number of Output from Code

DATA NIN /5/, NOUT /6/
C - - Common Block /CODEID/ - - - - - - - - - - - - - - - - - - - - - -
C - - CODENM - Name of Program
C - - TITLE - Title for Case
C - - VERSON - Code Version
C - - MOD - Code Modification Index

DATA CODENM /'I','D','3','G','E',N'/
DATA TITLE ' '/I
DATA VERSON I' 0'/
DATA MOD /'-'/

C - - Common Block /FILES/ - - - - - - - - - - - - - - - - - - - - - - -
C - - LUI - Logical Unit Number for Fuel Material Database File
C - - LU2 - Logical Unit Number for SAS2H Cut File
C - - LU3 - Logical Unit Number for Valid Nuclide List

DATA LU1/1/,LU2/2/,LU3/3/
C - - Common Block /AWEIGHT/ - - - - - - - - - - - - - - - - - - - - -
C - - ANU - Atomic Weights for Uranium Isotopes
C - - AWGD - Atomic Weights for Gadolinia Isotopes
C - - AGD - Natural Abundances for Gadolinia Isotopes (Atom Fraction
C - - as a Percentage)
C - - AWO - Atomic Weight for Oxygen
C - - (N.b., values are from Nuclides and Isotopes, 15th Edition,
C - - General Electric Co. and KAPL Inc., 1996.)

DATA AWU/234.040945,235.043922,236.045561,238.050785/
DATA AWGD/151.919789,153.920862,154.922619,155.922120
2 ,156.923957,157.924101,159.92051/
DATA AGD/0.20,2.18,14.8,20.47,15.65,24.84,21.86/
DATA AWO/15.9994/
END
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2.2. Service Routines

Subroutine abort

SUBROUTINE ABORT
C - - -- _ - - - - - - - - - - - - - - - - - - - _
C - * A B 0 R T * Handles abnormal terminations detected by the
C calling routine
C - ,- - - - - - - - - - - - - - - - - - - - - - - - - --

C - -
C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - - -

COMMON /PAGES/ NPAGE,NIN,NOUT
C - - - - - - - -- - - - - - - - - - - - - - - - _

WRITE(NOUT,6000)
C - -.End of processing - - - - - - - - - - - - - - - -…- - - - - - - -

STOP
C - - Format statements) - - - - - - - - - - - - - - - - - - - - - - -

6000 FORMAT(#0*** Processing stops ***'
END

Subroutine fdlose

SUBROUTINE FCLOSE(UNIT)
C- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C- - * F C L 0 S E * Closes Sequential Files
C -- - - - - - - - - - - - - - - - - - - - - - - - - -
C - - Argument(s):
C - - UNIT - Logical Unit Number Associated with the (input)
C - - File to be Closed
C -- - - - - - - - - - - - - - - - - - - - - - - - - - - -
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -

INTEGER UNIT
C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - - -

COMMON /PAGES/ NPAGE,NIN,NOUT
C -- - - - - - - - - - - - - - - - - - - - - - - - -

CLOSE(UNIT-UNIT,STATUS-'KEEP',IOSTAT-IOS,ERR-500)
C - - Normal End of Processing - - - - - - - - - - - - - - - - - - - -

RETURN
C - - Error Processing - - - - - - - - - - - - - - - - - - - - - - - -

500 WRITE(NOUT,7000) IOS,UNIT
CALL ABORT

C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
C - - Error format(s)
7000 FORMAT( 90*** F A T A L E R R 0 R *** SUBR. FCLOSE',/

2 ,' -- Error Number ',I4,' Encountered Closing Logical Unit:',12)
END
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Subroutine fopen

C

.C
C
C
C
C
C
C

c

_ _

SUBROUTINE FOPEN(UNITFNAME)
_ F 0 P - N - Open- Se-_ential F f r o - - - - - - - -

* F O P E N * Opens Sequential Files for Processing
- - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Argument(s):
- - UNIT - Logical Unit Number to Associate with the
- - File to be Opened
- - FNAME - Name of File to Open
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

(input)

(input)
- - - - -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
INTEGER UNIT
CHARACTER*(*) FNAME

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /PAGES/ NPAGENIN,NOUT

C -- - - - - - - - - - - - - - - - - - - - - - - - -
OPEN(UNIT-UNIT,NAME-FNAME,XOSTAT-IOS,ERR-500)

C - - Normal End of Processing - - - - - --- - - - - - - - - - - - - -
RETURN

C - - Error Processing - - - - - - - - - - - - - - - - - - - - - - - -
500 CALL LINES(5)

WRITE(NOUT,7000) IOS,FNAME
CALL ABORT

C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
C - - Error format(s)
7000 FORMAT( 10*** F A T A L E R R 0 R *** SUBR. FOPEN -- Error

2 'Number ',14,' Encountered Opening File:',/,1XA)
END
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Subroutine header
SUBROUTINE READER

C - - - - - -- - - _ - - - - - - - - - - - - - - - - - _
C - - * H E A D E R * Prints the header at the top of each page
C - - -- - - - - - - -- - - - - - - - - - - - - _
C- -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
INTEGER*4 GETPID

C - - Common block(s) - - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /LINECM/ NLINE,MAXLIN
COMMON /PAGES/ NPAGE,NIN,NOUT
COMMON /CODEIDf CODENM(6),TITLE,VERSON,MOD,PID
CHARACTER*l CODENM,MOD
CHARACTER*2 VERSON
CHARACTER*5 PID
CHARACTER*122 TITLE
COMMON /RUNINFO/ CTIME,CDATE
CHARACTER*8 CTIME
CHARACTER*9 CDATE

C -- - - - - - - - - - - - - - - - - - - - - - - - -
WRITE(NOUT,6000) CODENM,VERSON,MOD,CDATE,CTIME,PID,NPAGE

2 ,TITLE
NLINE - 4
NPAGE - NPAGE+l
GO TO 10

C - - Entry point for initialization
ENTRY INHEAD

C - - Obtain the date and time of execution as well as the serial
C - - number

CALL DATE(CDATE)
CALL TIME(CTIME)
IPID - GETPID()
PID'1 I
NPAGE - 1
WRITE(PID,'(15)1') IPID
WRITE(NOUT,6001) CODENMVERSONMODCOATECTIMEPID,NPAGE
NPAGE - 2
NLINE - 4

C - - End of processing - - - - - - - - - - - - - - - - - - - - - - - -
10 RETURN

C - - FORMAT statements) - - - - - - - - - - - - - - - - - - - - - - -
C - - Write format(s)
6000 FORMAT(1*** ',6(Al,1X),' *** VERS. ',A2,':',A1

2 ,' ** CRWMS M&O'
3 ,1X,'DATE: ',A9,', TIME: ',A8,1X,' PID: ',A5
4 ,Tl23,' PAGE:',I3,/,1X,A,/)

6001 FORMAT(r1*** ',6(Al,lX),' ***. VERS. ',A2,':',A1
2 ,' ** CRWMS M&O'
3 ,1X,'DATE: ',A9,', TIME: ',A8,1X,' PID: ',A5
4 ,T123,' PAGE:',13,/,/)
END
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Subroutine Invair
SUBROUTINE INVALR(NVALVECTORVALUE)

C -- - - - - - - - - - - - - - - - - - - - - - - - - - - -
C - - * I N V A L R * Initializes a real vector to a single value
C - - - - -- - - _ - - - - - - - - - - - - - - - - - - _
C - - Argument(s):
C - - NVAL - Number of entries in vector (input)
C - - VECTOR - Vector to be initialized (output)

C - - VALUE - Value to initialize vector with (input)
C - - - - -- - _ - - - - - - - - - - - - - - - - - - -
C- -

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - -
DIMENSION VECTOR(NVAL)

C - - Sweep through vector initializing entries - - - - - - - - - - -
DO N - 1,NVAL

VECTOR(N) - VALUE
ENDDO

C - - End of Normal Processing - - --- - - - - - - - - - - - - - - - -

RETURN
END
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Subroutine lines

SUBROUTINE LINES(NL)
C - -
C - -
C - -

_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* L I N E S * Computes the number of cumulative lines printed
and determines if a page eject is necessary

C - - - -- - _ _ - - - - - - - - - - - _
C - - Argument(s):
C - - NL - number of new lines to be printed
C - - -- - - _ - - - - - - - - - - - _
C - -
C - - Common block(s) - - - - - - - - - - - - - - - - - -

COMMON /LINECM/ NLINE,MAXLIN

(input)
_ - - - - - -

C - - - - - - - - -- - - - - - - - - - - - - _
NLINE - NLINE+NL
IF(NLINE .GT. MAXLIN) THEN

CALL HEADER
NLINE - NLINE+NL

ENDIF
C - - End of processing - - - - - - - - - - - - - - - - - - - - - - - -

RETURN
END

Function mchar

FUNCTION MCHAR(MAXLEN,BUFFER)
C -- - - - - - - - - - - - - - - - - - - - - -
C
C
C
C
C
C
C

* MC E AR

Argument(s):
MAXLEN -
BUFFER -

- - - - - - -

* Determines the number of non-blank
character variable of total length

- - - - - - - - - - - - - - - - - - -

dimension of character variable
character variable
- - - - - - - - - - - - - - - - - - -

characters in
MAXLEN

(input)
(input)

- - - - - - -

C - -
C - - Type statements) - - - - - - - - - - - - - - - --- - - - - - - -

CHARACTER*1 BLANK
CHARACTER*(*) BUFFER

C - - Data statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
DATA BLANK' 'I/

C- - - - - - - - - - - - - - - - - - - - - - - - - -
MCRAR - AXLEN
DO 10 NC - MAXLEN,1,-l
IF(BUtFFER(NC:NC) .NE. BLANK) THEN
MCHAR - NC
GO TO 20

ENDIF
10 CONTINUE

MCHAR - 0
C - - End of processing - - - - - - - - - - - - - - - - - - - - - - - -

20 CONTINUE
END
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FunctIon memory
FUNCTION MEMORY(LENGTHALLOCS)

C - - - -- - - _ - - - - - - - - - - - - - - - - - _
C - - M M E H 0 R Y * Manages the allocation of storage in the
C - - blank common by returning the next avail-
C - - able location.
C - - -- - _ - - - -- - - - - - - - - - - - - _
C - - Argument(s):
C - - LENGTH - Number of memory locations requested (input)
C - - ALLOC8 - Integer flag for requesting more memory (input)
C - - 1 : request additional memory
C - - -1 : return memory to pool
C -- - - - - - - - - - - - - - - - - - - - - - - -
C- -

C - - Type statement() - - - - - - - - - - - - - - - - - - - - - - - -
INTEGER ALLOC8

C - - Blank common - - - - - - - - - - - - - - - - - - - - - - - - - -
COMMON A(1)

C - - Common block(s) - - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /MMANAG/ NEXT,MXAVIL,MXUSED
COMMON /PAGES/ NPAGENIN,NOUT

C - - Determine option for memory allocation - - - - - - - - - - - - -
IF(ALLOC8 .EQ. 1) THEN ! More storage requested
NTASKD - NEXT+LENGTH-l
IF(NTASKD .GT. MXAVIL) GO TO 500
MEMORY - NEXT
DO 10 NDEX - NEXT,NTASKD ! Clear storage locations

10 A(NDEX) - 0.OD0
NEXT - NEXT+LENGTN
IF(NTASKD .GT. MXUSED) MXUSED - NTASKD

ELSEIF(ALLOC8 .EQ. -1) THEN I Return storage
NEXT - NEXT-LENGTH
MEMORY - 0

ELSE
GO TO 510

ENDIF
GO TO 600

C - - Error processing - - - - - - … - - - - - - - - - - - - - - - - -
500 WRITE(NOUT,7000) NTASKD

STOP
510 WRITE(NOUT,7010) ALLOC8

STOP
C - - End of processing - - - - - - - - - - - - - - - - - - - - - - - -

600 RETURN
C -- - - - - - - - - - - - - - - - - - - - -
C - - Error format(s)

7000 FORMAT( t0*** F A T A L E R R 0 R *** SUBR. MEMORY '1,/
2 ,' -- too much memory requested',18,/
3 ,' blank common-size must be increased')

7010 FORMAT(b0*** F A T A L E R R 0 R *** SUBR. MEMORY 1,/
2 ,'-- illegal allocation option',/
3 ,' value encountered was: ',13)

END
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Subroutine memsum
SUBROUTINE MEMSUM

C - -- - - - -- - - _ - - - - - - - - - - - - - - - - - _

C - - * M E M S U M * Edits Dynamic Memory Usage Statistics

C - - - - - - - - - - - - - - - - - - - - - - - - - - _

C - -
C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - -

COMMON /MMANAG/ NEXT,MXAVIL,MXUSED
COMMON /PAGES/ NPAGE,NIN,NOUT

C - - Compute Percentage Utilization - - - - - - - - - - - - - - - - - -

UTILPCT - 100*FL0AT(MXUSED)/FLOAT(HXAVfL)
C - - Edits Statistics

CALL LINES(5)
WRITE(NOUT,6000) MXAVIL,MXUSED,UTILPCT

C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - - -

C - - Write format(s)
6000 FORMAT(t ODynamic Memory Usage Statistics',/

2 ,OLimit Used Utilization (%)',/
3 ,1X,I5,1X,I5,6X,F6.2)

END
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2.3. Input Routines

SubrouUne echo
SUBROUTINE ECHO(INNAME)

C - - - - -- _ - - - - - - - - - - - - - - - - - - - _
C - - * E C H 0 * Copies the input file to the output stream
C - - - - - - _ - - - - - - - - - - - - - - - - - - _- -
C - - Argument(s):
C - - INNAME - Name for Input NAMELIST (input)
C - - - - - - - -- - - - - - - - - - - - - - _
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C - - INFIND - Logical Flag to Indicate that the NAMELIST Directive
C - - has been Encountered

LOGICAL INFIND
CHARACTER*(*) INNAME
CHARACTER*132 BUFFER

C - - Common block(s) - - - - - - … - - - - - - - - - - - - - - - - - -
COMMON /PAGES/ NPAGENIN,NOUT
COMMON /CODEID/ CODENM(6),TITLE,VERSON,MOD,PID
CHARACTER*1 CODENM,MOD
CHARACTER*2 VERSON
CHARACTER*5 PID
CHARACTER*122 TITLE

C - - Data Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
DATA INFIND /.FALSE./

C - - Echo input stream - - - - - - - - - - - - - - - - - - - - - - - -
CALL LINES(3)
WRITE(NOUT,6000)

C - - Read Title Line
READ(NIN,'(A)',END-20) TITLE

10 READ(NIN,'(A)',END-20) BUFFER
IF(BUFFER(1:MCHAR(7,INNAME)) .EQ. INNAME) INFIND - .TRUE.
CALL LINES(1)
WRITE(NOUT,' (XA)') BUFFER(1:MCHAR(132,BUFFER))
GO TO 10

C - - Consistency Processing - - - - - - - - - - - - - - - - - - - - -
20 IF(.NOT. INFIND) GOTO 500

C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -
REWIND NIN
RETURN

C - - Error Processing - - - - - - - - - - - - - - - - - - - - - - - -
500 CALL LINES(4)

WRITE(NOUT,7000)
CALL ABORT
RETURN

C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
C - - Write format(s)
6000 FORMAT(101nput to IDSGEN:',/)

C - - Error Format(s)
7000 FORMATI'0*** F A T A L E R R 0 R *** SUBR. ECHO --

2 ,'Input Namelist not Encoutered on Input File')
END
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Suboutine editin
SUBROUTINE EDITIN(OPTIONNLATMDEXFADEXNODENDNAME

2 ,NTYPE, DENSITY, PELODENRICH,GDCONMAPSMEAR, DB NAME, HEIGHT
3 ,CUT,NOGAD,NOFPGD)

C - -- - - - - - - -- - - - - - - - - - - - _
C - - * E D I T I N * Edits Input Information Read from Input File
C - - -- - - - - - - - -- - - - - - - - - - - - _

Argument(s):
OPTION - flag to indicate whether unexposed or

exposed fuel dataset is to be created
(O - unexposed,
1 - exposed)

NLAT - Lattice Dimensionality
MDEX - Single-character Identifier for Fuel

Manfacturer
(G - GE, S - Siemens (or predecessor),
A - ABB)

FADEX - Fuel Assembly Identifier
NODE - Axial Node

NDNAME - Specification for SAS2H "*.cut" File for
Exposed Fuel

NTYPE - Number of Distinct Types of Fuel Rods
DENSITY - Stack Density for Each Fuel Rod Type

PELOD - Pellet Density for Each Fuel Rod Type
ENRICH - Enrichment for Each Fuel Rod Type

GDCON - Gadolinia Concentration for Each Fuel Rod
Rod Type

SMEAR - Flag for Unexposed Fuel Cases to Indicate
that the Average Results should be
Uniformly Applied to all the Fuel Rods
(O - Do Not Smear, 1 - Smear)

DBNAME - File Specification for File Containing
the Valid Nuclide List

HEIGHT - Height of Node (cm)
CUT - Flag to Indicate whether the SAS2H Output

is from a Full Output File or from a
"Cut" File
(O - Full Output, 1 - "Cut" File)

NOGAD - Flag to Indicate whether Gadolinia Incor-
porated as a Integral Burnable Absorber
should be Incorporated in the Fuel Mater-
ial Intermediate Dataset
(0 - No, 1 - Yes)

NOFPGD - Flag to Indicate whether Fission Product
Gadolinium Isotopes are to be Incorporated
in the Fuel Material Intermediate Dataset
(O - No, 1 - Yes)

(input)

(input)
(input)

(input)
(input)
(input)

(input)
(input)
(input)
(input)
(input)

(input)

(input)

(input)
(input)

(input)

(input)

C - - - - - - - -- - - - - - - - _ - - - - - _
C- -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - -

INTEGER OPTION,FADEX,SMEAR, CUT, NOGAD
CHARACTER*80 NDNAME
CHARACTER*(*) DB NAME

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - -
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COMMON /PAGES/ NPAGE,NIN,NOUT
C - - Dimension Statement(s) - - - - - - - - - - - - - - -… - - - -

DIMENSION MAP(NLATNLAT)
DIMENSION DENSITY(NTYPE),PELOD(NTYPE),ENRICH(NTYPE)
2, GDCON (NTYPE)

C - - Edit Contents of NAMELIST Input - - - - - - - - - - - - - - -

CALL HEADER
CALL LINES(5)
WRITE(NOUT,6000)
CALL LINES(5)
WRITE(NOUT,6010) OPTION
WRITE(NOUT,6020) NLAT
WRITE(NOUT,6030) MDEX
WRITE(NOUT,6031) DB NAME
IF(FADEX .NE. 0) THEN
CALL LINES(2)
WRITE(NOUT,6040) FADEX
WRITE(NOUT,6050) NODE

ENDIF
IF(OPTION .EQ. 1) THEN

CALL LINES(5)
WRITE(NOUT,6060) NDNAME
WRITE (NOUT, 6061) HEIGHT
WRITE(NOUT,6062) CUT
WRITE(NOUT,6063) NOGAD
WRITE(NOUT,6064) NOFPGD

ENDIF
CALL LINES(1)
WRITE(NOUT,6069) SMEAR
CALL LINES(1)
WRITE(NOUT,6070) NTYPE
CALL LINES(NTYPE+I1)
WRITE(NOUT,6080) (DENSITY(N),N,N-1,NTYPE)
CALL LINES(NTYPE+1)
WRITE(NOUT,6090) (PELOD(N),N,N-1,NTYPE)
CALL LINES(NTYPE+1)
WRITE(NOUT,6100) (ENRICH(N),N,N-1,NTYPE)
CALL LINES(NTYPE+1)
WRITE(NOUT,6110) (GDCON(N),N,N-1,NTYPE)
CALL LINES(NLAT+3)
WRITE(NOUT,6120)
DO J - 1,NLAT
WRITE(NOUT,6130) (MAP(IJ),I-1,NLAT)

ENDDO
C - - End of Normal Processing - - - - - - - - - - - - - -

RETURN
C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - -

C - - Write FORMAT(s)
6000 FORMAT('OInput Edit -- Values from Input Deck Card Images',/

2 ,'OVariable Value Definition',/)
6010 FORMAT(' OPTION',T13,3X,I1,T23,'Processing Option I

2 ,'(0 - Unexposed Fuel, 1 - Exposed Fuel')
6020 FORMAT{' NLAT',T13,2XI2,T23,'Lattice Dimensionality')
6030 FORMAT(' MDEX',T13,3X,A1,T23,'Manufacturer I
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2 ,'(G - GE, S - Siemens, A - ABB)')
6031 FORMAT1' DB-NAME',T23,'Valid Nuclide List Database'

2 ,/,T13,A)
6040 FORMAT(' FADEX',T13,1X,13,T23,'Fuel Assembly Index')
6050 FORMAT(' NODE',T13,2X,I2,T23,'Axial Node')
6060 FORMAT(' NDNAME',T23,'File Specification for SAS2H File',/

2 ,T13,A)
6061 FORMAT(' HEIGHT',T13,F6.3,T23,'Height of Node')
6062 FORMAT(' CUT',T13,2X,I2,T23

2 ,'SAS2H Cut File (0 - No, 1.- Yes)')
6063 FORMAT(' NOGAD',T13,2X,I2,T23

2,'Delete Burnable Absorber Gadolinia (0 - No, 1 - Yes)')
6064 FORMAT(' NOFPGD',T13,2X,I2,T23

2 ,'Delete Fission Product Gadolinium Isotopes'
3 ,' (0 - No, 1 - Yes)')

6069 FORMAT(' SMEAR',T13,3X,I1,T23
2 ,'Smear Average Values Across Lattice (0 - No, 1 - Yes)')

6070 FORMAT(' NTYPE',T13,2X,I2,T23
2 ,'Number of Distinct Fuel Rod Types')

6080 FORMAT(' DENSITY',T23,'Stack Density',/
2 ,(T13,F5.2,T23,'(',I<(ALOG10(FLOAT(NTYPE))+1)>,')'))

6090 FORMAT(' PELOD',T23,'Fuel Pellet Outer Diameter (inches)',/
2 ,(T13,F5.3,T23,'(',I<(ALOG10(FLOAT(NTYPE))+1)>,')'))

6100 FORMAT(' ENRICH',T23,'Fuel Rod Enrichment',/
2 ,(T13,F5.3,T23,'(',I<(ALOG1IOFLOAT(NTYPE))+1)>,')'))

6110 FORMAT(' GDCON',T23,'Gadolinia Concentation',/
2 ,(T13,F5.3,T23,'(',I<(ALOG1O(FLOAT(NTYPE))+l)>,')'))

6120 FORMAT('0Fuel Rod Type Loading Map',/)
6130 FORMAT(12(1X,12))

END
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Subroutine r2dmap

SUBROUTINE R2DMAP(NCOLNROWMAPLU)
C - - - - -- - _ - - - - - - - - - - - - - - - - - _
C - - * R 2 D M A P * Reads Two-dimensional Map giving Fuel
C - - Assembly Locations
C - - - -- _ - - - - - - - - - - - - - - - - - - - _
C - - Argument(s): -
C - - NCOL - Number of "Columns" in Core Map (input)
C - - NROW - Number of "Rows" in Core Map (input)
C - - MAP - Map of Indices for Core Locations (output)
C - - (integer)
C - - LU - Logical Unit from which to Read Map (input)
C -- - - - - - - - - - - - - - - - - - - - - -
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -

INTEGER MAP(NCOL,NROW)
C - - - - - - - - - - - - - - - - - - - - - - - _

DO J - 1,NROW
READ(LU,*,END-500) (MAP(I,J),I-1,NCOL)

ENDDO
C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -

RETURN
C - - Error Processing - - - - - - - - - - - - - - - - - - - - - - - -

500 CALL LINES(5)
WRITE(NOUT,7000) LU
CALL ABORT

C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
C - - Error format(s)
7000 FORMAT(10*** F A T A L E R R 0 R *** SUBR. R2DMAP --

2 'Premature End-of-File Encountered on Logical Unit ',12)
END
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Subroutine rdbval
SUBROUTINE RDBVAL (U1,NNUCLD,NMEMMPRFX,MSUFX)

C -- - - - - - - - - - - - - - - - - -
C - - * R D B V A L * Reads Database File Values
C - - - - - -- - - - - - - - - - - - - - - - - - - - -_

C - - Argument(s):
C - - LUl - Logical Unit Number for Database File (input)
C - - NNUCLD - Number of Nuclides in Valid Nuclide List (input)
C - - NMEM - Alphanumeric Representation for Nuclides (output)
C - - in SAS2H Output
C - - MPRFX - MCNP Prefixes for Valid Nuclides (output)
C - - Nuclides
C - - MSUFX - MCNP Suffixes for Valid Nuclides (output)
C - - Nuclides
C - - - - - - -- _ - - - - - - - - - - - - - - _
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - -

CHARACTER*4 MSUFX(NNUCLD)
CHARACTER*6 NMEM(NNUCLD)

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - -
DIMENSION MPRFX(NNUCLD)

C - - Loop through Values in Database File - - - - - - - - - - - - -
DO I - 1,NNUCLD

READ(LUl,'(I6,2X,A6,2X,A4)%) MPRFX(I),NMEM(I),MSUFX(I)
ENDDO

C - - End of Processing - - - - - - - - - - - - - - - - - - - - - - -
RETURN
END
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Subroutine readdb
SUBROUTINE READDB(LUA,NNUCLDL26,L27,L28,DBTTL)

C - - … - - - -- - - _ - - - - - - - - - - _ - - - - -
C - - * R E A D D B * Reads Database File for Valid Nuclide Iden-
C - tifiers
C - - - - - … - - _ - - - - - - - - - - - - - - - - _
C - - Argument(s):
C - - LU - Logical Unit Number for Database File (input)
C - - A - Blank Common Buffer for Dynamic Memory (i&o)
C - - Allocation
C - - NNUCLD - Number of Nuclides in Valid Nuclide List (output)
C - - NMEM - Memory Index for Alphanumeric Representa- (output)
C - - tion for Nuclides in SAS2H Output
C - - *L26 - Memory Index for MCNP Prefix for Valid (output)
C - - Nuclides
C - - MSUFX - Memory Index for MCNP Suffix for Valid (output)
C - - Nuclides
C - - DBTTL - Title for Valid Nuclide List (output)
C -- - - - - - - - - - - - - - - - - - - - - - - - - - -
C- -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
CHARACTER*80 DBTTL

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /PAGES/ NPAGE,NIN,NOUT

C - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - -
DIMENSION A(1)

C - - Read Title Record - - - - - - - - - - - - - - - - - - - - - - -
READ(LU,'IA)') DBTTL

C - - Read the Number of Entries in the Nuclide List
READ(LU,*) NNUCLD

C - - Allocate Memory for Nuclides in List
L26 - MEMORY(6*NNUCLD,1)
L27 - MEMORY (NNUCLD,1)
L28 - MEMORY(4*NNUCLD,1)
CALL RDBVAL(LU,NNUCLD,A(L26),A(L27),A(L28))

C - - End of Processing - - - - - - - - - - - - - - - - - - - - - - -
RETURN
END

Subroutine readIn
SUBROUTINE READIN(OPTION,NLATMDEXFADEX,NODE,NDNAME,A

2 ,NTYPE,L1,L2,L3,L4,L5,SMEAR,DBNAME,HEIGHT,CUT,NOGAD,NOFPGD)
C - - - - - - - _ - - - - - - - - - - - - - _
C - - * R E A D I N * Reads Input File for Unexposed Fuel Dataset
C - - Creation
C - - - - - - -- _ - - - - - - - - - - - - _
C - - Argument(s):
C - - OPTION - flag to indicate whether unexposed or (output)
C - - exposed fuel dataset is to be created
C - - (O - unexposed,
C - - 1 - exposed)
C - - NLAT - Lattice Dimensionality (output)
C - - MDEX - Single-character Identifier for Fuel (output)
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c - -

c - -

c - -

c - -

c - -

c --
c - -

c- -
c - -

c - -

c - -

c - -

c - -

c --
c - -

c - -

c --
c - -

c - -

c - -

c --
c - -

c-
c - -

c - -

c - -

c - -

c - -

c - -

c - -

c - -

c- -
c - -

c - -

c - -

c - -

c - -

c - -

c- -

manfactUrer
(G - GE, S - Siemens (or predecessor),
A - ABE).

FADEX - Fuel Assembly Identifier (output)
NODE - Axial Node (output)

NDNAME - Specification for SAS2H '*.cut" File for (output)
Exposed Fuel

A - Pointer to Dynamic Memory Array (input)
NTYPE - Number of Distinct Types of Fuel Rods (output)

Ll - Pointer to Stack Density for Each Fuel (output)
Rod Type

L2 - Pointer to Pellet Diameter for Each Fuel (output)
Rod Type

L3 - Pointer to Enrichment for Each Fuel Rod (output)
Type

L4 - Pointer to Gadolinia Concentration for (output)
Each Fuel Rod Rod Type

L5 - Pointer to Fuel Rod Type Map (output)
SMEAR - Flag for Unexposed Fuel Cases to Indicate (output)

that the Average Results should be
Uniformly Applied to all the Fuel Rods
(O - Do Not Smear, 1 - Smear)

)B NAME - Name for Database File Containing Valid (output)
Nuclide List

HEIGHT - Node Height (cm) (output)
CUT - Flag to Indicate whether the SAS2H Output (output)

is a Full Output File or a "Cut" File
(O - Full Output, 1 - "Cut" File

NOGAD - Flag to Indicate whether Gadolinia Incor- (output)
porated as an Integral Burnable Absorber
is to be Incorporated in the Fuel Material
Intermediate Dataset
(0 - No, 1 - Yes)

NOFPGD - Flag to Indicate whether Fission Product (output)
Gadolinium Isotopes are to be Incorpor-
ated in the Fuel Material Intermediate
Dataset (0 - No, 1 - Yes)

r

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
INTEGER OPTION,FADEX,SMEAR,CUT,NOGAD
CHARACTER*1 MDEX
CHARACTER*80 NDNAME
CHARACTER*132 DBENAME

C - - Common Block(s) - - - - - - - --- - - - - - - - - - - - - - - -
COMMON /PAGES/ NPAGE,NIN,NOUT

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - -
DIMENSION A(l)

C - - Namelist Statement(s) - - - - - - - - - - - - - - - - - - - - -
NAMELIST /FUEL/ OPTION,NLAT,MDEX,FADEX,NODE,NTYPE,NDNAME,SMEAR

2 ,DB NAME,HEIGHT,CUT,NOGAD,NOFPGD
C - - Skip Title Record - - - - - - - - - - - - - - - - - - - - - - -

READ(NINa(lX)s)
C - - Read Namelist Input
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READ (NIN, FUEL)
C - - L1 - DENSITY, L2 - PELOD , L3 - ENRICH , L4 - GDCON
C - - L5 - MAP

Li - MEMORY(NTYPE,l)
L2 - MEMORY(NTYPE,1)
L3 - MEMORY(NTYPE,1)
L4 - HEMORY(NTYPE,l)
L5 - MEMORY(NLAT*NLAT,1)

C - - Read Values for Each Fuel Rod Type - - - - - - - - - - - - - -
C - - Stack Density

READ(NIN,' (X) )
CALL RRD(NTYPEA(L1),NIN)

C - - Pellet Diameter
READ(NIN,'(IX)')
CALL RRD(NTYPE,A(L2),NIN)

C - - Enrichment
READ(NIN,' (X)')
CALL RRD(NTYPE,A(L3),NIN)

C - - Gadolinia Concentration
READ(NIN,'(iX)')
CALL RRD(NTYPE,A(L4),NIN)

C - - Fuel Rod Map
READ(NIN, 'IX)')
CALL R2DMAP(NLAT,NLAT,A(L5),NIN)

C - - End of Processing - - - - - - - - - - - - - - - - - - - - - - -
CALL FCLOSE(NIN)
RETURN
END
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Subroutine rrd

SUBROUTINE RRD(NVALVECT,LU)
C - -- - - - -- - - _ - - - - - - - - - - - - - - - - _
C - - * R R D * Reads a Vector of Real Numbers in Free Format
C - - - - - - - _ - - - - - - - - - - - - - - - - - - _
C - - Argument(s):
C - - NVAL - Number of Values in Vector (input)
C - - VECT - Values in Vector (output)
C - - LU - Logical Unit from which to Read Map (input)
C -- - - - - - - - - - - - - - - - - - - - - - - - -
C - -
C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - -

DIMENSION VECT(NVAL)
C -- - - - - - - - - - - - - - - - - - - - - -

READ(LU,*,END-500) (VECT(N),N-1,NVAL)
C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -

RETURN
C - - Error Processing - - - - - - - - - - - - - - - - - - - - - - - -

500 CALL LINES(5)
WRITE(NOUT,7000) LU
CALL ABORT

C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
C - - Error format(s)
7000 FORMAT('0*** F A T A L E R R O R *** SUBR. RRD --

2 'Premature End-of-File Encountered on Logical Unit ',12)
END
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2.4. Routines for Processing Unexposed Fuel

Subroutine averag
SUBROUTINE AVERAG(SMEAR,NTYPE,'NRODSDENSITY,PELOD,ENRICH

2 ,GDCON,MU02,MU,MOHUIMGD203,AMUO2,UAW,W24,W26,W28
3 ,AMUAMO,AMGD203,FUI,FGDI, FO,AMGD,MGD,MGDI,RTFI)

C -- - - - - - - - - - - - - - - - - - - - - - - - - -
C
C
C

- * AVE RAG * Computes Average Values from Unexposed
Fuel Input Data

- - - - - - - - - - - - - - - - - - - - - - -

Argument(s):

I

SMEAR - Flag for Unexposed Fuel Cases to Indicate
that the Average Results should be Uni-
formly Applied to all the Fuel Rods
(O - Do Not Smear, 1 - Smear)

NTYPE - Number of Distinct Types of Fuel Rods
NRODS - Number of Fuel Rods in Each Rod Type

DENSITY - Stack Density for Each Fuel Rod Type
PELOD - Pellet Density for Each Fuel Rod Type

ENRICH - Enrichment for Each Fuel Rod Type
GDCON - Gadolinia Concentratio for Each Fuel Rod

Rod Type
NGAD - Number of Rods with Unique Gadolinia

Loadings
MU02 - U02 Mass by Fuel Rod Type
HU - Uranium Mass by Fuel Rod Type
MO - Oxygen Mass by Fuel Rod Type
MUI - Uranium Mass by Isotope for Each Fuel Rod

Type
MGD203 - Gd2O3 Mass by Fuel Rod Type
AMU02 - U02 Atomic Mass by Fuel Rod Type

UAW - Uranium Atomic Weight by Fuel Rod Type
W24 - Weight Percentage of U-234 by Fuel Rod

Type
W26 - Weight Percentage of U-236 by Fuel Rod

(input)

(input)
(input)
(input)
(input)
(input)
(input)

(output)

(output)
(output)
(output)
(output)

(output)
(output)
(output)
(output)

(output)

(output)

(output)
(output)
(output)
(output)

(output)

(output)

(output)
(output)
(output)
(output)

Type
W28 - Weight Percentage of U-238 by Fuel Rod

Type
AMU - Uranium Atomic Mass by Fuel Rod Type
ANO - Oxygen Atomic Mass by Fuel Rod Type

AMGD203 - Atomic Mass of Gd2O3 by Fuel Rod Type
FUI - Isotopic Uranium Mass Fraction for Entire

Lattice or Sub-lattice
FGDI - Isotopic Gadolinia Mass Fraction for

Entire Lattice or Sub-lattice
FO - Oxygen Mass Fraction for Entire Lattice

or Sub-lattice
AMGD - Gadolinium Atomic Mass by Fuel Rod Type
MGD - Mass of Gadolinia by Fuel Rod Type

MGDI - Isotopic Gadolinium Mass by Fuel Rod Type
RTFI - Fractional Isotopic by Fuel Rod Type

C -
C -
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C - - Parameter Statement(s) - - - - - - - - - - - - - - - - - -
PARAMETER (PI-3.1415927)

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - -
INTEGER SMEAR
REAL MUO2(NTYPE),MU(NTYPE),MO(NTYPE),MGD203(NTYPE)

2 ,MGD(NTYPE),MGDI(7,NTYPE)
REAL MUI(4,NTYPE)

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /AWEIGHT/ AWU(4),AWGD(7),AGD(7),AWO

C - -- Dimension Statement(s) - - - - - - - - - - - - - - - - - - - -
DIMENSION FMASSI(4),GDMASSI(7)
DIMENSION DENSITY(NTYPE),PELOD(NTYPE),ENRICH(NTYPE)
2 ,NRODS(NTYPE),GDCON(NTYPE),UAW(NTYPE),W24(NTYPE),W26(NTYPE)
3 ,W28(NTYPE),AMUO2(NTYPE),A1rU(NTYPE),AMO(NTYPE)
4 ,AMGD(NTYPE),FUI(4),FGDI(7),RTFI(12,NTYPE)

C - - Static Functions - - - - - - - - - - - - - - - - - - - - - - -
C
C
C
C
C
C

WF24 - Computes U-234 Weight Percentage
U-235 Weight Percentage

WF26 - Computes U-236 Weight Percentage
U-235 Weight Percentage

WF28 - Computes U-238 Weight Percentage
tages for U-234, U-235 and U-236

WF24(X) - 0.007731*((X)**1.0837)
WF26(X) - 0.0046*X

from Correlation with

from Correlation with

from Weight Percen-

WF28(X24,X25,X26) - 100.0-X24-X25-X26
C - - Convert Pellet Outer Diameter (PELOD) to centimeters - - - - -

DO N - 1,NTYPE
PELOD(N) - PELOD(N)*2.54

ENDDO
C - - Rotate through Fuel Rod Types - - - - - - - - - - - - - - - -

GDAW - 0
DO I - 1,7
GDAW - GDAW+AWGD(I)*AGD(I)

ENDDO
GDAW - GDAW/100.0
DO N - 1,NTYPE

C - - Compute Uranium Atomic Weight
UAK(N) - ENRICH(N)*AWU(2)
W24(N) - WF24(ENRICH(N))
UAW(N) - UAW(N)+W24(N)*AWU(l)
W26(N) -- WF26(ENRICH(N))
UAW(N) - UAW(N)+W26(N)*AWU(3)
W28(N) - WF28(W24(N),ENRICH(N),W26(N))
UAW(N) - UAW(N)+W28(N)*AWU(4)
UAW(N) - UAW(N)/100.0

C - - Total Fuel Linear Mass
FMASS - NRODS(N)*DENSITY(N)*PI*PELOD(N)*PELOD(N)/4.0
MGD203(N) - GDCON(N)*FMASS/100.0
HU02(N) - FMASS-MGD203(N)

C - - Linear Atomic and Molecular Masses
AMGD203 - MGD203(N)/(2*GDAW+3*AWO)
AMGD(N) - 2*AMGD203
AMU02(N) - M4002(N)/(UAW(N)+2*AWO)
AMU(N) - AMU02(N)
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AMO(N) - 2*AMU02(N)+3*AMGD203
MOIN) - AMO(N)*AWO
MGD(N) - AMGD(N)*GDAW
DO I - 1,7
MGDI(I,N) - MGD(N)*(AWGD(I)*AGD(I)/(l00*GDAW))

ENDDO
MU(N) - AMU(N)*UAW(N)
MUI(1,N) - HU(N)*W24(N)/l00.O
MUI(2,N) - MUJN)*ENRICH(N)/100.0
MUI(3,N) - HU(N)*W26(N)/100.0
MUI(4,N) - MU(N)*W28(N)/100.0

C - - Compute Fractional Isotopic by Rod Type
DO I - 1,4

RTFI(I,N) - MUI(I,N)/FMASS
ENDDO
RTFI(5,N) - MO(N)/FMASS
DO I - 6,12

RTFI(I,N) - MGDI((I-5),N)/FMASS
ENDDO

ENDDO
C - - Compute Fractions for Entire Lattice or Sub-lattice - - - - - -

IF(SMEAR .EQ. 1) THEN
FMASS - 0.0
OMASS - 0.0
CALL INVALR(4,FMASSI,0.0)
CALL INVALR(7,GDMASSI,0.0)
DO N - 1,NTYPE
OHASS - OMASS+NO(N)
FMASS - FMASS+MO(N)
DO I - 1,4

FMASSI(I) - FMASSI(I)+MUI(I,N)
FMASS - FHASS+NUI(I,N)

ENDDO
DO I - 1,7
GDMASSI(I) - GDMASSI(I)+MGDI(I,N)
FMASS - FMASS+MGDI(I,N)

ENDDO
ENDDO
FO - OMASS/FMASS
DO I - 1,4

FUIII) - FMASSI(I)/FMASS
ENDDO
DO I - 1,7

FGDI(I) - GDMASSI(I)/FEASS
ENDDO

ENDIF
C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -

RETURN
END
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Subroutine wnrods

C
C
C
C
C
C
C
C

SUBROUTINE CNRODS(NTYPENLATMAPNRODS)
- _--- DS - C -he_-m-erof - ach F - -e

- - * C N R 0 D S * Counts the Number of Each Fuel
- - - - - - - - - - - - - - - - - - - - - - - - - - -

R T p e - - -
Rod Type
- - - - - - -

- - Argument(s):
- - NTYPE - Number of Fuel Rods Types in Lattice (input)
- - NLAT - Lattice Dimensionality (input)
- - MAP - Fuel Rod Type Map (input)

NRODS - Number of Each Type of Fuel Rod (output)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C- -

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - -
DIMENSION NRODS(NTYPE)
DIMENSION MAP(NLAT,NLAT)

C - - Rotate Over Lattice Map Accmulating Sums - - - - - - - - - - - -
DO J -1,NLAT

DO I - 1,NLAT
NRODS(HAP(I,J)) - NRODS(MAP(I,J))+2

ENDDO
ENDDO

C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -
RETURN
END

Subroutine dsgen
SUBROUTINE DSGEN(SMEAR,MDEXNLAT,NTYPE,NRODS,DENSITY,PELOD

2 ,ENRICH,GDCON,MAP,FUI,FGDI,FO,RTFI,FADEX,NNUCLD,MPRFX,MSUFX
3 ,NODE)

C - - - - - - - - -- - - - - - - - - - - - _
C - - * D S.G E N * Creates Fuel Material Intermediate Datasets
C - - for Unexposed Fuel
C -- - - - - - - - - - - - - - - - - - - - - -
C - - Argume
C - - 5
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

DEN

ENG1

ant s):
WMEAR - Flag for Unexposed Fuel Cases to Indicate

that the Average Results should be Uni-
formly Applied to all the Fuel Rods
(0 - Do Not Smear, 1 - Smear)

MDEX - Single-character Identifier for Fuel
Manufacturer
(G - GE, S - Siemens (or predecessor)
A - ABB)

NLAT - Lattice Dimensionality
ITYPE - Number of Distinct Types of Fuel Rods
IRODS - Number of Fuel Rods in Each Rod Type
ISITY - Stack Density for Each Fuel Rod Type
PELOD - Fuel Pellet Outer Diameter (cm)
IRICH - Enrichment for Each Fuel Rod Type
,DCON - Gadolinia Concentration for Each Fuel Rod

Rod Type
MAP - Fuel Rod Type Map
FUI - Isotopic Uranium Mass Fraction for Entire

Lattice or Sub-lattice

(input)

(input)

(input)
(input)
.(input)
(input)
(input)
(input)
(input)

(input)
(input)
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C - - FGDI - Isotopic Gadolinia Mass Fraction for (input)
C - - Entire Lattice or Sub-lattice
C - - FO - Oxygen Mass Fraction for Entire Lattice (input)
C - - or Sub-lattice
C - - RTFI - Fractional Isotopic by Fuel Rod Type (input)
C - - FADEX - Index used for Lattice Identification (input)
C - - NNUCLD - Total Number of Entries in Valid Nuclide (input)
C - - List
C - - MPRFX - Prefixes for MCNP Nuclide Identifiers in (input)
C - - Valid Nuclide List
C - - MSFUX - Suffixes for MCNP Nuclide Identifiers in (input)
C - - Valid Nuclide List
C - - NODE - Node Number (input)
C - - - - - - - - - - - - - - - - - - - - - - - - - _
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
C - - UMN - Mass Numbers for Uranium Isotopes
C - - GDMN - Mass Numbers for Gadolinium Isotopes
C - - LMASS - Scratch Variable to Accumlate the Total Linear Mass
C - - for the Assembly
C - - DSFNAME - File Name for Fuel Material Intermediate Dataset
C - - BUFFER - Scratch Character String used to Manage Output to
C - - Dataset

INTEGER SMEAR,FADEX
INTEGER UMN44),GDMN(7)
REAL LMASS
CHRAACTER*1 MDEX
CHARACTER*4 MSUFX(NNUCLD)
CHAARCTER*80 DSFNAME,BUFFER

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /PAGES/ NPAGE,NIN,NOUT
COMMON /FILES/ LU1,LU2,LU3
COMMON /CODEID/ CODENM(6),TITLE,VERSON,MOD,PID
CHARACTER*1 CODENM,MOD
CHARACTER*2 VERSON
CHARACTER*5 PID
CHARACTER*122 TITLE
COMMON /RUNINFO/ CTIMECDATE
CHARACTER*8 CTIME
CHARACTER*9 CDATE

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - -
C - - UMN - Mass Numbers for Uranium Isotopes
C - - GDMN - Mass Numbers for Gadolinium Isotopes

DIMENSION.MPRFX(NNUCLD)
DIMENSION DENSITY NTYPE),ENRICH(NTYPE),NRODS(NTYPE)

2 ,PELOD(NTYPE),GDCON(NTYPE),FUI(4),FGDI(7),RTFI(12,NTYPE)
DIMENSION MAP(NLAT,NLAT)

C - - Data Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
DATA UMN/234,235,236,23B/
DATA GDMN/152,154,155,156,157,158,160/

C - - Compute Volume Weighted Enrichment and Gadolinia Concentation -

AVGD - 0.0
AVGE - 0.0
GADC - 0.0
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GAREA - 0. 0
LMASS - 0.0
DO NT - 1,NTYPE
AVGD - AVGD+DENSITY(NT)*NRODS(NT)*(PELOD(NT)*PELOD(NT))
GAREA - GAREA+NRODS(NT)*{PELOD(NT)*PELOD(NT))
AVGE - AVGE+

2 NRODS(NT)*ENRICH(NT)*DENSITY(NT)*(PELOD(NT)*PELOD(NT))
GADC -

2 GADC+NRODS(NT)*GDCON(NT)*DENSITY(NT)*(PELOD(NT)*PELOD(NT))
LMASS - LMASS+NRODS(NT)*DENSITY(NT)*(PELOD(NT)*PELOD(NT))

ENDDO
AVGD - AVGD/GAREA
AVGE - AVGE/LMASS
GADC - GADC/LMASS

C - - Construct File Name for Dataset - - - - - - - - - - - - - - - -
DSFNAME - ' I
WRITE(DSFNAME,'(Al,I<(ALOG10(FLOAT(NLAT))+1)>)') MDEX,NLAT
NZ - 3-(IFIX(ALOG10(100*AVGE))+1)
IF(NZ .GT. 0) THEN

DO N - NZ,l,-l
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):),'("0'")')

ENDDO
ENDIF
WRITE(DSFNAME((tMCHAR(80,DSFNAME)+1):)

2 ,'(I<(ALOG10(100*AVGE)+l)>)')
3 NINT(100*AVGE)
IF(GADC .NE. 0) THEN
NZ - 3-(IFIX(ALOG10(100*GADC))+1)

ELSE
NZ - 2

ENDIF
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):),'("tG")I)
IF(NZ .GT. 0) THEN
DO N - NZ,1,-1
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):),'( '0")')

ENDDO
ENDIF
IF(GADC .GT. 0) THEN
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):)

2 ,'(I<(ALOG10(100*GADC)+1)>)')

3 NINT(100*GADC)
ELSE
WRITE(DSFNAME((MCHAR(80,DSFNAME)+l):)

2 ,'("10")')
ENDIF
IF(SMEAR .EQ. 0) THEN
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):),'(" D')')

ELSE
WRITE(DSFNAME((MCHARf80,DSFNAME)+1):),'("S")')

ENDIF
IF(FADEX .NE. 0) THEN

IF(FADEX .LT. 100) WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):)
2 ,9(101")')

IF(FADEX .LT. 10) WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):)
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2 $("Off)')
WRITE(DSFNAME( MCHAR(80,DSFNAME)+1):)

2 ,'(I<IFIX(ALOG10(FLOAT(FADEX))+l)>)') FADEX
IF(NODE .NE. 0) THEN

IF(NODE .LT. 10) WRITE(DSFNAME((MCHAR(80,DSFNAME)+l):)
2 ,',"" 0)')

WRITE(DSFNAME((MCHAR(80,DSFNAME)+l):)
2 ,'(I<IFIX(ALOG10(FLOAT(NODE))+1)>)') NODE

ENDIF
ENDIF
WRITE(DSFNAME((MCHAR(80,DSFNAME)+l):)1,'(".dat'")')

C - - Open File for Processing
CALL FOPEN(LUl,DSFNAME)

C - - Write Title to Dataset
IF(MDEX .EQ. 'G') THEN
BUFFER - 'GE'

ELSEIF(MDEX .EQ. '8') THEN
BUFFER - 'Siemens'

ELSE
BUFFER - 'ABB'

ENDIF
WRITE (UFFER((MCHAR(80,BUFFER)+l):)
2 ,'(" ",I<(ALOG10(FLOAT(NLAT))+l)>, "x"'
3 ,I<(ALOG1O(FLOAT(NLAT))+1)>)') NLAT,NLAT
WRITE(BUFFER((MCHAR(80,BUFFER)+l):)
2 ,'('/Avg Enrichment ",F4.2)') AVGE

IF(GADC .NE. 0.0)
2 WRITE(BUFFER((MCHAR(80,BUFFER)+l):)
3 ,'("'/Avg Gadolinia '',F5.3)') GADC

IF(SMEAR .EQ. 0) THEN
WRITE(BUFFER((MCHAR(80,BUFFER)+l):)

2 ,'V'/Discrete'')')
ELSE

WRITE(BUFFER((MCHAR(80,BUFFER)+l):)
2 ,'(V/Smeared'')')

ENDIF
WRITE(LU1,'(A)') BUFFER

C - - Write Tracking Information to Dataset
BUFFER - "
WRITE(BUFFER,'(" Generated by '',6A1)')
2 (CODENM(I),I-1,6)
WRITE(BUFFER((MCHAR(80,BUFFER)+l):)
2 ,'0(1 ",A2,'":"',Al)') VERSON,MOD
WRITE(BUFFER((MCHAR(80,BUFFER)+l):)
2 ,'(9 on 'I,A9,'" at ",A8)') CDATE,CTIME
WRITE(BUFFER((MCHAR(80,BUFFER)+l):)
2 ,'(' by Process "',A5)') PID
WRITE(LUl,'(A)') BUFFER

C - - Fuel Rod Type Map
WRITE(LU1,'(" Fuel Rod Type Map")')
IF(SMEAR .EQ. 0) THEN
DO J - 1,NLAT
WRITE(LUl,'(11(12,' "')W')

2 (MAP(IJ),I-l,NLAT)
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ENDDO
ELSE

DO J - 1,NLAT
DO I - 1,NLAT

IF(MAP(I,J) .GE. 1) MAP(I,J) 1
ENDDO

ENDDO
DO J - 1,NLAT
WRITE(LU1,'(11(12,'" ''))')

2 (MAP(I,J),I-1,NLAT)
ENDDO

ENDIF
C - - Density Value(s)

WRITE(LUl,'l("Density Value(s)"')')
IF(SMEAR .EQ. 0) THEN
WRITE(LU1,'(5(F6.3,:,'",''))') (DENSITY(N),N-1,NTYPE)

ELSE
WRITE(LU1, (F6.3)') AVGD

ENDIF
C - - Material Compositions

WRITEMLU1,'('"Fuel Material Compositions'")')
IF(SMEAR .EQ. 0) THEN

C - - Uranium Isotopes
DO NT - 1,NTYPE

IF(NTYPE .NE. 1) THEN
WRITE(LUl,'("Index ''1,I3,'' 12'')') NT

ELSE
WRITE(LU1,' ''12')')

ENDIF
DO NI - 1,4

BUFFER -
WRITE(BUFFER((MCHAR(80,BUFFER)+l):)

2 ,'1('92, ',A4,'", 1'')
3 MSUFX(MATCH((92000+UMN(NI)),NNUCLDMPRFX))

WRITE{BUFFER((MCHAR(80,BUFFER)+1):)
2 ,'(13,'','")') UMN(NI)

WRITE(BUFFER((MCHAR(80,BUFFER)+1):)
2 ,'(F7.5)') RTFI(NI,NT)

WRITE(LU1,'(A)') BUFFER
ENDDO

C - - Oxygen
BUFFER- "
WRITE(BUFFER((MCHAR(80,BUFFER)+1):)

2 ,'("8,WIA4,I",I")')
3 MSUFX(MATCH(8016,NNUCLD, MPRFX))

WRITE(BUFFER((MCHAR(80,BUFFER)+1):)
2 ,'(I"16, ")')

WRITE(BUFFER((MCHAR(80,BUFFER)+1):).
2 ,'(F7.5)') RTFI(5,NT)

WRITE(LU1,'(A)') BUFFER
C - - Gadolnium

DO NI - 6,12
BUFFER - "'
WRITE(BUFFER((NCHAR(80,BUFFER)+1):)
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2 ,I(I64, ",A4, ", t ))
3 MSUFX(MATCH((64000+GDMN(NI-5)),NNUCLD,MPRFX))

WRITE(BUFFER((MCHAR(80,BUFFER)+1):)
2 ,'(13'','")') GDMN(NI-5)

WRITE(BUFFER((MCHAR(80,BUFFER)+1):)
2 ,'(F7.5)') RTFI(NI,NT)

WRITE(LU1,'(A)') BUFFER
ENDDO

ENDDO
ELSE

C - - Uranium Isotopes
WRITE(LU1,'(''12'')')
DO NI - 1,4

BUFFER - "'
WRITE(BUFFER((MCHAR(80,BUFFER)+1):)

2 ,'("92,#",A4,","')
3 MSUFX(MATCH((92000+UMN(NI)),NNUCLD,MPRFX))

WRITE(BUFFER((MCHAR(80,BUFFER)+1):)
2 ,tCI3,I",t")) UMN(NI)

WRITE(BUFFER((MCHAR(80,BUFFER)+l):)
2 ,'(F7.5)') FUI(NI)

WRITE(LU1,'(A)') BUFFER
ENDDO

C - - Oxygen
BUFFER -
WRITE(BUFFER((MCHAR(80,BUFFER)+1):)

2 ,'("E, ",A4,I",I")')
3 MSUFX(MATCH(8016,NNUCLD,MPRFX))

WRITE(BUFFER((MCHAR(80,BUFFER)+1):)
2 ,'I(I"16,'' )'9)

WRITE(BUFFER((MCHAR(B0,BUFFER)+1):)
2 ,'(F7.5)') FO

WRITE(LU1, '(A)') BUFFER
C - - Gadolnium

DO NI - 6,12
BUFFER - "
WRITE(BUFFER((MCHAR(80,BUFFER)+1):)

2 , ' (64, 1,A4, ", ")')
3 MSUFX(MATCH((64000+GDMN(NI-5)),NNUCLD,MPRFX))

WRITE(BUFFER((MCHAR(80,BUFFER)+1):)
2 ,'(I3",'")') GDMN(NI-5)

WRITE(BUFFER((MCHAR(80,BUFFER)+1):)
2 ,'(F7.5)') FGDI(NI-5)

WRITE(LU1,'(A)') BUFFER
ENDDO

ENDIF
C - - Close File

CALL FCLOSE(LUl)
C - - Copy File to Output - - - - - - - - - - - - - - - - - - - - -

CALL FOPEN(LU1,DSFNAME)
CALL HEADER
CALL LINES(3)
WRITE(NOUT,'("Olntermediate Dataset: ",A,/)') DSFNAME

10 READ(LU1,'(A)',END-20) BUFFER
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CALL LINES(1)
WRITE(NOUT,'(lX,A)') BUFFER
GOTO 10

20 CALL CLOSE(LUI)
C - - End of Normal Processing - - - - - - - - - - - - - - - - - - -

RETURN
C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - -
C - - Write Format(s)

END

Subroutine edtavg

SUBROUTINE EDTAVG(SMEAR,NTYPE,NRODS,DENSITY,PELOD,ENRICH
2 ,GDCON,MU02,MU,MO,MUI,MGD203,AMU02,UAW,W24,W26,W28
3 ,AMU,AMO,AMGD203,FUI,FGDI,FO,AMGD,MGD,MGDI,RTFI)

… - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - * E D T A V G * Edits Averages of Fuel Isotopics
…

Argument(s):
SMEAR -

NTYPE -
NRODS -

DENSITY -

PELOD -
ENRICH -

GDCON -

MU02 -

NUU-
MO -

MUI -

MGD203 -

AMU02 -
UAW -

W24 -

Flag for Unexposed Fuel Cases to Indicate
that the Average Results should be Uni-
formly Applied to all the Fuel Rods
(O - Do Not Smear, 1 - Smear)
Number of Distinct Types of Fuel Rods
Number of Fuel Rods in Each Rod Type
Stack Density for Each Fuel Rod Type
Pellet Density for Each Fuel Rod Type
Enrichment for Each Fuel Rod Type
Gadolinia Concentratio for Each Fuel Rod
Rod Type
U02 Mass by Fuel Rod Type
Uranium Mass by Fuel Rod Type
Oxygen Mass by Fuel Rod Type
Uranium Mass by Isotope for Each Fuel Rod
Type
Gd2O3 Mass by Fuel Rod Type
U02 Atomic Mass by Fuel Rod Type
Uranium Atomic Weight by Fuel Rod Type
Weight Percentage of U-234 by Fuel Rod
Type
Weight Percentage of U-236 by Fuel Rod

(input)

(input)
(input)
(input)
(input)
(input)
(input)

(input)
(input)
(input)
(input)

(input)
(input)
(input)
(input)

(input)

(input)

(input)
(input)
(input)
(input)

(input)

(input)

(input)

W26 -

C
C
C - - AMC
C
C
C
C
C
C
C

* Type
W28 - Weight Percentage of U-238 by Fuel Rod

Type
AMV - Uranium Atomic Mass by Fuel Rod Type
AMO - Oxygen Atomic Mass by Fuel Rod Type

GD203 - Atomic Mass of Gd2O3 by Fuel Rod Type
FUI - Isotopic Uranium Mass Fraction for Entire

Lattice or Sub-lattice
FGDI - Isotopic Gadolinia Mass Fraction for

Entire Lattice or Sub-lattice
FO - Oxygen Mass Fraction for Entire Lattice

or Sub-lattice
ANGD - Gadolinium Atomic Mass by Fuel Rod Type
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C - - KGD - Mass of Gadolinia by Fuel Rod Type (input)
C - - MGDI - Isotopic Gadolinium. Mass by Fuel Rod Type (input)
C - - RTFI - Fractional Isotopic by Fuel Rod Type (input)
C - - .- - - -- - - - _ - - - - - - - - - - - - - - _
C- -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
INTEGER SMEAR
REAL MU02(NTYPE),MU(NTYPE),MO(NTYPE),MGD203(NTYPE)
2 ,MGD(NTYPE),MGDI(7,NTYPE)
REAL MUI(4,NTYPE)

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /AWEIGHT/ AWU(4),AWGD(7),AGD(7),AWO
COMMON /PAGES/ NPAGE,NIN,NOUT

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - -
DIMENSION DENSITY(NTYPE),PELOD(NTYPE),ENRICH(NTYPE)
2 ,NRODS(NTYPE),GDCON(NTYPE),UAW(NTYPE),W24(NTYPE),W26(NTYPE)
3 ,W28(NTYPE),AMU02(NTYPE),ANU(NTYPE),AMO(NTYPE),AMGD203(NTYPE)
4 DAMGD(NTYPE),FUI(4),FGDI(7),RTFI(12,NTYPE)

C - - Edit Computation of Uranium Isotopic Weight Percentages, and
C - - Uranium Metal Atomic Weight

CALL HEADER
CALL LINES (4+NTYPE)
WRITE(NOUT,6000)
DO N - 1,NTYPE
WRITE(NOUT,6010) N,W24(N),ENRICH(N),W26(N),W28(N),UAW(N)

ENDDO
C - - Edit Linear Masses, Linear Molecular Masses, and Linear Atomic
C - - Masses

CALL LINES(5+NTYPE)
WRITE(ROUT,6020)
DO N - 1,NTYPE
FMASS - MUO2(N)+MGD2O3(N)
WRITE(NOUT,6030) N, FASS,MGD203(N),MU02(N),AMGD203(N)

2 IAMU02(N),AMU(N),AMO(N),AMGD(N),MU(N),MO(N),MGD(N)
ENDDO

C - - Edit Linear Isotopic Masses by Fuel Type
CALL LINES(6+NTYPE)
WRITEINOUT,6040)
DO N - 1,NTYPE
WRITE(NOUT,6050) N,CMUI(I,N),I-1,4),MO(N),(MGDI(I,N),I-1,7)

ENDDO
C - - Edit Fractional Isotopic by Fuel Type

CALL LINES(5+NTYPE)
WRITE(NOUT,6060)
DO N - 1,NTYPE
WRITE(NOUT,6070) N,(RTFI(I,N),I-1,12)

ENDDO
IF(SMEAR .EQ. 1) THEN

C - - Edit Fractional Isptopics for Entire Lattice or Sub-lattice
CALL LINES(6)
WRITE (NOUT, 6080)
WRITE(NOUT,6090) (FUI(I),I-1,4),FO,(FGDI(J),J-1,7)

ENDIF
C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -
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RETURN
C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - -
C - - Write Format(s)
6000 FORMAT('O /----- Weight Percentages ---- / Atomic Weight'

4 ,/,' Index U-234 U-235 U-236 U-238 U-metal',/)

6010 FORMAT(T4,12,T8,F7.4,T16,F7.4,T24,F7.4,T32,F7.4,T
44,F7.3)

6020 FORMAT('0 /--- Linear Mass --- J/- Molecular Mass -P
2 '/----- Atomic Mass ----//--- Linear Mass ----- ',
2 (g/cm) (g atoms/cm)
3 , d atoms/cm) (g/cm)',/
2 Index Total Gd2O3 U02 Gd2O3 U02
3 0U Gd U 0 Gd ',/)

6030 FORMAT(T4,12,T8,F7.3,T15,F7.4,T23,F7.3,T31,F7.4,T39,F7.4
2 ,T49,F7.4,T57,F7.4,T65,F7.4,T74,F7.3,T82,F7.4,T90,F7.4)

6040 FORMAT('Osotopic Weights by Rod Type',/
2 ,'OIndex U-234 U-235 U-236 U-238 0 1
3 ,' 152Gd 154Gd 155Gd 156Gd 157Gd 158Gd 160Gd',/)

6050 FORMAT(T4,12,T8,F6.4,T16,F6.3,T24,F6.4,T32,F6.2,T40,F6.3
2 ,T47,F6.4,,T54,F6.4,T61,F6.4,T68,F6.4,T75,F6.4,T82,F6.4
3 ,T89,F6.4)

6060 FORMAT('OFractional Isotopics by Fuel Rod Type',/
2 ,'Olndex U-234 U-235 U-236 U-238 0 152Gd
3 ,' 154Gd 155Gd 156Gd 157Gd 158Gd 16OGd',/)

6070 FORMAT(T4,I2,3X,12(1X,F7.5))
6080 FORMAT(

2 'OFractional Isotopics for Entire Lattice or Sub-lattice',/
3 ,'Ondex U-234 U-235 U-236 U-238 0 152Gd
4 ,' 154Gd 155Gd 156Gd 157Gd 158Gd 16OGd',/)

6090 FORMAT(8X,12(1X,F7.5))
END
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2.5. Routines for Processing Exposed Fuel

Subroutine cmnass

SUBROUTINE CMASS(NLAT,NTYPE,DENSITYPELOD,ENRICH,MAP,HEIGHT
2 ,UO2NM,EAVG,RHOAVGGDCON,GDCAVG,NRODS,FNVOL)

* C MA SS * Computes the Initial U02 Mass and Average En-
richment for Unexposed Fuel that Corresponds to
Exposed Fuel from SAS2H

Argument(s):
NLAT - lattice dimensionality

NTYPE - Number of Fuel Rods Types in Lattice
DENSITY - Pellet Densities by Fuel Rod Type for

Lattice
PELOD - Pellet Outer Diameter (cm) by Fuel Rod Type

ENRICH - Pellet Enrichment (w/o) by Fuel Rod Type
MAP - Lattice Map showing Fuel Rod Type Distribu-

tion
HEIGHT - Node Height (cm)
UO2NM - U02 Mass in Node (g)
EAVG - Lattice-averaged Enrichment (w/o)

RHOAVI - Lattice-averaged Density (g/cc)
GDCON - Gadolinia Concentrations by Fuel Rod Type

GDCAVG - Lattice-averaged Gadolinia Concentration
(w/o)

NRODS - Number of Fuel Rods for Each Fuel Rod Type
FVOL - U02 Volume in Node (cm**3)

_ - - - - - - - - - - - - - - - - - - - - - - - - - - - -

(input)
(input)
(input)

(input)
(input)
(input)

(input)
(output)
(output)
(output)
(input)

(output)

(output)
(output)
- - - -

C - -
C - - Parameter Statement(s) - - - - - - - - - - - - - - - - - - - - - -

PARAMETER (PI - 3.1415926535)
C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - - -

DIMENSION NRODS(NTYPE)
DIMENSION MAP(NLAT,NLAT)
DIMENSION DENSITY(NTYPE),PELOD(NTYPE),ENRICH(NTYPE),GDCON(NTYPE)

C - - Data Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
DATA NTROD/O/

C - - Initialization - - - - - - - - - - - - - - - - - - - - - - - - - -
U02NM - 0.0
EAVG - 0.0
RHOAVG - 0.0
GDCAVG - 0.0
FNVOL - 0.0

C - - Convert Pellet Outer Diameters to cm
PELOD - 2.54*PELOD

C - - Determine the Number of Fuel Rods in Each Fuel Rod Type - - - - -
DO N - 1,NTYPE
DO J - 1,NLAT

DO I - 1,NLAT
IF(MAP(I,J) EQ. N) NRODS(N) - NRODS(N)+l

ENDDO
ENDDO



Waste Package Operations Calculation (Attachment)

Title: Listing of Routines and Functions for IDSGEN, Version 1
Document Identifier BOOOOOOOO-01717-021 0-O01 0 REV 01 Attachment XV Page 39 of 57

ENDDO
C - - Loop over the Total Number of Fuel Rod Types - - - - - - - - - - -

DO N - 1,NTYPE
NTROD - NTROD+NRODS(N)
VOL - (NRODS(N)*(PI/4)*HEIGHT*(PELOD(N)**2))
U02NM - U02NM+DENSITY(N)*VOL
FNVOL - FNVOL+VOL
EAVG - EAVG+(NRODS(N)*ENRICH(N))
GDCAVG - GDCAVG+GDCON(N)*DENSITY(N)*VOL
RHOAVG - RHOAVG+(NRODS(N)*DENSITY(N))

ENDDO
EAVG - EAVG/FLOAT(NTROD)
RHOAVG - RHOAVG/FLOAT(NTROD)
GDCAVG - GDCAVG/UO2NM

C - - End of processing - - - - - - - - - - - - - - - - - - - - - - - -
RETURN
END

Subroutine dsgend

SUBROUTINE DSGEND(SMEAR,MDEXNLAT,NTYPE,NRODS,RHOEFF,PELOD
2 ,ENRICH,GDCON,MAP,FADEX,NNUCLD,MPRFX,MSUFX
3 ,EAVG,GDCAVG,WPI,NODE)

C - - - - - - - - _ - - - - - - - - - - - - - - _
C - - * D S G E N * Creates Fuel Material Intermediate Datasets
C - - for Exposed Fuel with discrete gadolinia placement
C - - only in originally gd containing rods
C - - - - - - - - - - - - _ - - - - - - - - - - -
C - - Argt
C - -
C - -
C - -
C - -
nogad onlj
C - -
C - -
C - -
C - -
C - -
C - -
C - -
C - -
C - -
C - -
C - -
C - -
C - -
C - -
C - -
C - -
C - -
C - -

C- -
C - -
C - -

Y)

ent (a):
SMEAR - Flag for Unexposed Fuel Cases to Indicate (input)

that the Average Results should be Uni-
formly Applied to all the Fuel Rods
(0 - Do Not Smear, 1 - Smear all, 2- Smear between gad and

MDEX - Single-character Identifier for Fuel
Manufacturer
(G - GE, S - Siemens (or predecessor)
A - ABB)

NLAT - Lattice Dimensionality
NTYPE - Number of Distinct Types of Fuel Rods
NRODS - Number of Fuel Rods in Each Rod Type

RHOEFF - Effective Density for Fuel
PELOD - Fuel Pellet Outer Diameter (cm)

ENRICH - Enrichment for Each Fuel Rod Type
GDCON - Gadolinia Concentration for Each Fuel Rod

Rod Type
MAP - Fuel Rod Type Map, overwritten for SMEAR-2

FADEX - Index used for Lattice Identification
NNUCLD - Total Number of Entries in Valid Nuclide

List
MPRFX - Prefixes for MCNP Nuclide Identifiers in

Valid Nuclide List
NSFUX - Suffixes for MCNP Nuclide Identifiers in

Valid Nuclide List
EAVG - Lattice-averaged Enrichment (w/o)

(input)

(input)
(input)
(input)
(input)
(input)
(input)
(input)

(input)
(input)
(input)

(input)

(input)

(input)
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C - - GDCAVG - Lattice-averaged Gadolinium Concentration (input)
C - - (w/o)
C - - WPI - Weight Percentages for Nuclides in Exposed (input)
C - - Fuel (w/O)
C - _ NODE - Node Number (input)
C - - - - - -- - - - - - - - - - - - - - _
C - -
C - - RTFI - Fractional Isotopic by Fuel Rod Type (input)
C… - - - - - - - - - - - - - - - - - - - - -- - -
C- -

C--
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
C - - UMN - Mass Numbers for Uranium Isotopes
C - - GDMN - Mass Numbers for Gadolinium Isotopes
C - - DSFNAME - File Name for Fuel Material Intermediate Dataset
C - - BUFFER - Scratch Character String used to Manage Output to
C - - Dataset

INTEGER SMEAR,FADEX
INTEGER UMN(4),GDMN(7)
CHARACTER*1 NDEX
CHARACTER*4 MSUFX(NNUCLD)
CHARACTER*80 DSFNAME,BUFFER

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /PAGES/ NPAGE,NIN,NOUT
COMMON /FILES/ LU1,LU2,LU3
COMMON /CODEID/ CODENM(6),TITLE,VERSONMOD,PID
CHARACTER*1 CODENM,MOD
CHARACTER*2 VERSON
CEARACTER*5 PID
CHARACTER*122 TITLE
COMMON /RUNINFO/ CTIME,CDATE
CHARACTER*8 CTIME
CHARACTER*9 CDATE

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - -
C - - UMN - Mass Numbers for Uranium Isotopes
C - - GDMN - Mass Numbers for Gadolinium Isotopes

DIMENSION MPREX(NNUCLD)
DIMENSION DENSITY(NTYPE),ENRICH(NTYPE),NRODS(NTYPE)
2 ,PELOD(NTYPE),GDCON(NTYPE)
3 ,RTFI(NNUCLD,NTYPE),WPI(NNUCLD)
DIMENSION MAP(NLAT,NLAT)

C - - Data Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
DATA UMN/234,235,236,238/
DATA GDMN/152,154,155,156,157,158,160/

C
C - - 789012345678901234567890123456789012345678901234567890123456789012
C
C - - If NTYPE-1 then don't allow SMEAR-2, as there's no need

IF (NTYPE .EQ. 1) SMEAR-0
C
C - - Renormalized input weight percentages into rod types
C - - Determine total number of rods, and number of rod types with gd

NTRODS-0
NTGD-0
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DO NT - 1, NTYPE
NTRODS-NTRODS+NRODS(NT)
IF (GDCON(NT) .NE. 0) NTGD-NTGD+1

C - - Set constant density equal to effective density
DENSITY(NT) - RHOEFF

ENDDO
C - - For SMEAR-0 Group all rods types discretly

NTOUT-0
IF (SMEAR .EQ. 0) THEN
NTOUT-NTYPE
DO NT - 1, NTYPE

DO NN - 1, NNUCLD
IF (GDCON(NT) .EQ. 0) THEN

C - - Check if gd isotope
IF (MPRFX(NN)/1000 .EQ. 64) THEN
RTFI(NN,NT) - 0.0

ELSE
RTFI(NN,NT)-WPI(NN)*REAL(NRODS(NT))/(REAL(NTRODS))

ENDIF
ELSE

C - - Check if gd isotope
C - - 789012345678901234567890123456789012345678901234567890123456789012

IF (MPRFX(NN)/1000 .EQ. 64) THEN
RTFI(NN,NT) - WPI(NN)/REAL(NTGD)

ELSE
RTFI(NN,NT)-WPI(NN)*REAL(NRODS(NT))/(REAL(NTRODS))

ENDIF
ENDIF
ENDDO

ENDDO
ELSE
NTOUT-SMEAR

C - - Redo Fuel Rod Type Map for SMEAR-2 option, noGad-1, Gad-2
WRITE(LUl,'("Fuel Rod Type Map'")')
DO J - 1,NLAT

DO I - 1,NLAT
IF (MAP(I,J) .GT. 0) THEN
IF(GDCON(MAP(I,J)) .EQ. 0) THEN
MAP(IJ)-l

ELSE
MAP(I,J)-2

ENDIF
ENDIF

ENDDO
ENDDO

C - - Group only into gd and non gad rod types
DO NT - 1, NTOUT

DO NN - 1, NNUCLD
IF (NT .EQ. 1) THEN
IF (NPRFX(NN)/1000 .EQ. 64 ) THEN
RTFI(NN,NT) - 0.0

ELSE
RTFI(NN,NT)-WPI(NN)*(1.0 - REAL(NTGD)/(REAL(NTYPE)))

ENDIF
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ELSE
C - - Gd group

RTFI(NN,NT)-WPI(NN)*REAL(NTGD)/(REAL(NTYPE))
ENDIF
ENDDO

ENDDO
ENDIF

C
C - - Construct File Name for Dataset - -

DSFkMAE - ' I
WRITE(DSFNAME,'(Al,I<(ALOG10(FLOAT(NLAT))+l)>)') HDEX,NLAT
NZ - 3-(IFIX(ALOGl0(100*EAVG))+1)
IF(NZ .GT. 0) THEN

DO N - NZ,l,-1
WRITE(DSFNAME((MCHAR(80,DSFNAME)+l):),'("0'")')

ENDDO
ENDIF
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):)
2 ,'(I<(ALOG1O(100*EAVG)+1)>)')
3 NINT(100*FAVG)

C - - Ensure no roundoff of character width of Gad percentages when near 1%
IF(GDCAVG .NE. 0) THEN

IF (GDCAVG .LT. 1.0 .AND. GDCAVG .GT. 0.995) GDCAVG-1.0
NZ - 3-(IFIX(ALOG10(10O*GDCAVG))+1)

ELSE
NZ - 2

ENDIF
WRITE(DSFNAME((MCHAR(80,DSFNAME)+l):),'(''G'")')
IF(NZ .GT. 0) THEN
DO N - NZ,1,-l
WRITE(DSFNAME(MCHAR(80,DSFNAME)+1):),'( 0'')')

ENDDO
ENDIF
IF(GDCAVG .NE. 0) THEN
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):)

2 ,'(I<(ALOG1O(100*GDCAVG)+1)>)1)

3 NINT(100*GDCAVG)
ELSE
WRITE(DSFNAME((MCHAR(8ODSFNAME)+1):)

2 ,*"''0'")')
ENDIF
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):),'(" D'')')
IF(FADEX .LT. 100)
2 WRITE(DSFNAME((MCHAR(80,DSFNAME)+l):)
3 #'("0")N')

IF(FADEX .LT. 10)
2 WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):)
3 ,'(9001")')

WRITE DSFNAME((MCHAR(80,DSFNAME)+1):)
2 ,'(I<IFIX(ALOG10(FLOAT(FADEX)))+l>)') FADEX
IF(NODE .LT. 10)
2. WRITE(DSFNAME((MCHAR(60,DSFNAME)+1):)
3 ,0(UI00I)I)
WRITE(DSFNANE((MCHAR(B0,DSFKAME)+1):)
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2 ,'(I<IFIX(ALOG1O(FLOAT(NODE)))+1>)') NODE
WRITE(DSFNAME((MCHAR(80,DSFNAME)+l):),'(''.dat'")')

C - - Open File for Processing
CALL FOPEN(LU1,DSFNAME)

C - - Write Title to Dataset
IF(MDEX .EQ. 'G') THEN
BUFFER - 'GE'

ELSEIF(MDEX .EQ. 'S') THEN
BUFFER - 'Siemens'

ELSE
BUFFER - 'ABB'

ENDIF
WRITE(BUFFER((MCHAR(80,BUFFER)+1):)

2 ,'('" ',I<(ALOG1O(FLOAT(NLAT))+l)>,' "x"
3 ,I<(ALOG10(FLOAT(NLAT))+1)>)') NLAT,NLAT
WRITE(BUFFER((MCHAR(80,BUFFER)+1):)
2 ,'("'/Avg Enrichment "',F4.2)') EAVG
IF (GADC .NE. 0.0)
2 WRITE(BUFFER((MCHAR(80,BUFFER)+l):)
3 ,'("'/Avg Gadolinia "',F5.3)') GDCAVG

C
WRITE(BUFFER((MCHAR(8O,BUFFER)+I):)
2 ,'(''/Discrete'")')
WRITE(LU1,'(A)') BUFFER

C - - Write Tracking Information to Dataset
BUFFER - "
WRITE(BUFFER,'("Generated by "',6A1)')
2 (CODENM(I),I-1,6)
WRITEIBUFFER((MCHAR(80,BUFFER)+l):)
2 ,'(" ",A2,'":"2,A1)') VERSON,MOD
WRITE(BUFFER((MCHAR(80,BUFFER)+1):)
2 ,'(' on "1,A9,'" at "',A8)') CDATE,CTIME
WRITE(BUFFER((MCHAR(B0,BUFFER)+1):)
2 ,'(' by Process "',A5)') PID
WRITE(LUI,'(A)') BUFFER

C - - Fuel Rod Type Map
WRITE(LU1,'("'Fuel Rod Type Map'')')
DO J - 1,NLAT

WRITE(LU1,'(11(12,'' "I))')
2 (MAP(I,J),I-1,NLAT)
ENDDO

C - - Density Value(s)
WRITE(LUL,'(''Density Value(s)'')')
WRITE(LUl,'(5(F6.3,:,'",'"))') (DENSITY(N),N-1,NTOUT)

C - - Material Compositions
WRITE(LUl,'(''Fuel Material Compositions'')')

C - - Uranium Isotopes
C - - Zero out isotopics with 0 mass except for gd, do only for first fuel
type

NIT - 0
DO NN - 1,NNUCLD
IF(RTFI(NN,l) .GT. 0.0 .OR. (MPRFX(NN)/1000) .EQ. 64) NIT-NIT+1

ENDDO
C
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C - - 789012345678901234567890123456789012345678901234567890123456789012
C

DO NT - 1,NTOUT
C Reduce total isotopic count by gd isotopes(7) if non-gd rod

IF. (GDCON(NT) .GT. 0 .OR. (SMEAR .NE. 0 .AND. NT .EQ. 2)) THEN
NITGD-NIT

ELSE
NITGD-NIT-7

ENDIF
IF (NTYPE .NE. I) THEN
WRITE(LU1, '('Index '',I3,1P,13)1') NT, NITGD
ELSE
WRITE(LU1,'(I3)') NITGD

ENDIF
DO NN - 1, NNUCLD

IF (RTFI(NN,NT) .GT. 0.0) THEN
WRITE(LU1,'(I3,'', ",A4,'', ",13, ", ',lP,E10.4) '

2 (MPRFX(NN)/1000),MSUFX(NN)
3 ,(MPRFX(NN)-1000*(MPRFX(NN)/1000)),RTFI(NN,NT)

ENDIF
ENDDO

ENDDO
C
C - - Close File

CALL FCLOSE(LU1)
C - - Copy File to Output - - - - - - - - - - - - - - - - - - - - -

CALL FOPEN(LU1,DSFNAME)
CALL HEADER
CALL LINES(3)
WRITE(NOUT,' (0OIntermediate Dataset: ",A, )') DSFNAME

10 READ(LU1,'(A)',END-20) BUFFER
CALL LINES(l)
WRITE(NOUT,'(1X,A)') BUFFER
GOTO 10

20 CALL CLOSE(LU1)
C - - End of Normal Processing - - - - - - - - - - - - - - - - - - -

RETURN
C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - -
C - - Write Format(s)

END

Subroutine dsgene
SUBROUTINE DSGENE(MDEX,NLAT,NTYPE,NRODS,RHOEFF,PELOD,NAP

2 ,FADEX,NNUCLD,mPRFX,MSUrX,EAVG,GDCAVG,WPI,NODE)
C -- - - - - - - - - - - - - - - - - - - - - - - - - -
C - - * D S G E N * Creates Fuel Material Intermediate Datasets
C - - for Unexposed Fuel
C- - - - - - - - - - - - - - - - - - - - - - - - - - -
C - - Argument(s):
C - - MDEX - Single-character Identifier for Fuel (input)
C - - Manufacturer
C - - (G - GE, S - Siemens (or predecessor)
C - - A - ABB)
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C - - NLAT - Lattice Dimensionality (input)
C - - NTYPE - Number of Distinct Types of Fuel Rods (input)
C - - NRODS - Number of Fuel Rods in Each Rod Type (input)
C - RHOEFF - Effective Density for Fuel (input)
C - - PELOD - Fuel Pellet Outer Diameter (cm) (input)
C - MAP - Fuel Rod Type Map (input)
C - FADEX - Index used for Lattice Identification (input)
C - - NNUCLD - Total Number of Entries in Valid Nuclide (input)
C - - List
C - - MPRFX - Prefixes for MCNP Nuclide Identifiers in (input)
C - - Valid Nuclide List
C - - MSFUX - Suffixes for MCNP Nuclide Identifiers in (input)
C - - Valid Nuclide List
C - - EAVG - Lattice-averaged Enrichment (w/o) (input)
C - - GDCAVG - Lattice-averaged Gadolinium Concentration (input)
C - - (w/o)
C - - WPI - Weight Percentages for Nuclides in Exposed (input)
C - - Fuel (w/o)
C - - NODE - Axial Node in Core for Lattice (or Base (input)
C - - for Consolidated Nodes)
C- - - - - - - - - - - - - - - - - - - - - - - - -
C- -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
C - - DSFNAME - File Name for Fuel Material Intermediate Dataset
C - - BUFFER - Scratch Character String used to Manage Output to
C - - Dataset

INTEGER FADEX
CHARACTER*1 MDEX
CHARACTER*4 MSUFX(NNUCLD)
CHARACTER*80 DSFNAME,BUFFER

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /PAGES/ NPAGE,NIN,NOUT
COMMON /FILES/ LU1,LU2,LU3
COMMON /CODEID/ CODENM(6),TITLE,VERSON,MOD,PID
CHARACTER*1 CODENM,MOD
CHARACTER*2 VERSON
CHARACTER*5 PID
CHARACTER*122 TITLE
COMMON /RUNINFO/ CTIME,CDATE
CHARACTER*8 CTIME
CHARACTER*9 CDATE

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - -
DIMENSION MPRFX(NNUCLD)
DIMENSION NRODS(NTYPE),PELOD(NTYPE),WPI(NNUCLD)
DIMENSION MAP(NLAT,NLAT)

C - - Construct File Name for Dataset - - - - - - - - - - - - - - - -
DSFNAME - I I
WRITE(DSFNAME, (Al,Ic(ALOG10(FLOAT(NLAT))+l)>)') MDEX,NLAT
NZ - 3-(IFIX(ALOG10(100*EAVG))+1)
IF(NZ .GT. 0) THEN

DO N - NZ,l,-l
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):),'("O"')')

ENDDO
ENDIF
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WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):)
2 ,(I<(ALOG1O(l00*EAVG)+l>)W)
3 NINT(100*EAVG)

C - - Ensure no roundoff of character width of Gad percentages when near 1%
IF(GDCAVG .NE. 0) THEN
IF (GDCAVG .LT. 1.0 .AND. GDCAVG .GT. 0.995) GDCAVG-1.0
NZ - 3-(IFIX(ALOGl0(1OO*GDCAVG))+1)

ELSE
NZ - 2

ENDIF
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):),'("G")')
IF(NZ .GT. 0) THEN
DO N - NZ,l,-1
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):),'('0'")')

ENDDO
ENDIF
IF(GDCAVG .NE. 0) THEN
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):)

2 ,I(I<(ALOG10(100*GDCAVG)+1)>)I)
3 NINT(100*GDCAVG)
ELSE
WRITE(DSFNAME((MCHAR(80,DSFNAME)+l):)

2 ,'("t01")')
ENDIF
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):),'{" S'")')
IF(FADEX .LT. 100)

2 WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):)
3 ,'(" 0'')')
IFIFADEX .LT. 10)

2 WRITE(DSFNPAME((MCHAR(80,DSFNAME)+l):)
3 ,({" 0 )')

-WRITElDSFNAME((MCHAR(80,DSFNAME)+l):)
2 ,'(I<IFIX(ALOG10(FLOAT(FADEX)))+1>)') FADEX
IF(NODE .LT. 10)
2 WRITE(DSFNAME((MCHAR(80,DSFNAME)+1:)
3 ,'{" 0'')')
WRITE(DSFNAME((MCHAR(80,DSFNAME)+1):)
2 ,'(I<IFIX(ALOG10(FLOAT(NODE)))+1>)') NODE
WRITE(DSFNAME((MCHAR(80,DSFNAME)+l):),'("'.dat'")')

C - - Open File for Processing
CALL FOPEN(LU1,DSFNAME)

C - - Write Title to Dataset
IF(NDEX .EQ. 'G') THEN
BUFFER - 'GE'

ELSEIF(MDEX .EQ. 'SO) THEN
BUFFER - 'Siemens'

ELSE
BUFFER - 'ABB'

ENDIF
WRITE(BUFFER((MCHAR(80,BUFFER) +1):)
2 ,'(' '',I<(ALOG10(FLOAT(NLAT))+l)>,''x''
3 ,I<(ALOG10(FLOAT(NLAT))+1)>)') NLAT,NLAT
WRITE(BUFFER((MCHAR(80,BUFFER)+1):)
2 ,'("'/Avg Enrichment "',F5.2)') EBVG
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IF(GADC .NE. 0.0)
2 WRITE(BUFFER((MCHAR(80,BUFFER)+l1:)
3 ,'t('/Avg Gadolinia "',F6.3)') GDCAVG
WRITE(BUFFER((MCHAR(80,BUFFER)+l):)
2 ,'1("/Exposed Fuels')')
WRITE(LUL,'(A)') BUFFER

C - - Write Tracking Information to Dataset
BUFFER - "
WRITE(BUFFER,'("Generated by '',6A1)')

2 (CODENM(I),I-1,6)
WRITE(BUFFER((MCHAR(80,BUFFER)+1):)
2 ,('" ",A2,'1:"1,A1)') VERSON,MOD
WRITE(BUFFER( (MCHAR(80,BUFFER)+1):)
2 ,'(' on ",A9,'' at "',A8)') CDATE,CTIME
WRITE(BUFFER((NCHAR(80,BUFFER)+1):)
2 ,'(" by Process "',A5)') PID

WRITE(LU1, 'A)') BUFFER
C - - Fuel Rod Type Map

WRITE(LU1,'('"Fuel Rod Type Map'')')
Dc J - 1,NLAT
*DO I - 1,NLAT

IF(MAP(I,J) .GE. 1) MAP(I,J) - 1
ENDDO

ENDDO
DO J - 1,NLAT
WRITE(LU1,'(l1(12,0' ''))')

2 (MAP(I,J),1-1,NLAT)
ENDDO

C - - Density Value(s)
WRITE(LU1,'("'Density Value(s)'')')
WRITE(LU1,'(F6.3)') RHOEFF

C - - Material Compositions
WRITE(LU1,'1 (Fuel Material Compositions")')
NIT - 0
DO N - 1,NNUCLD

IF(WPI(N) .GT. 0.0) NIT - NIT+1
ENDDO
WRITE(LU1,'(13)') NIT
DO 10 N - 1,NNUCLD
IF(WPI(N) .EQ. 0.0) GOTO 10
WRITE(LUl,'(13,'',' ,A4, ', ",I3, ", ",1P,E10.4)')

2 (MPRFX(N)/1000) ,MSUFX (N)
3 ,(MPRFX(N)-1000*(MPRFX(N)/1000)),WPI(N)

10 CONTINUE
C - - Close File

CALL FCLOSE(LUI)
C - - Copy File to Output - - - - - - - - - - - - - - - - - - - - -

CALL FOPENtLUl,DSFNAME)
CALL READER
CALL LINES(3)
WRITE(NOUT,'f'"0Intermediate Dataset: ",A,/)').DSFNAME

20 READ(LUl,'(A)',END-30) BUFFER
CALL LINEStl)
WRITE(NOUT,'(1X,A)') BUFFER
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GOTO 20
30 CALL CLOSE(LUl)

C - - End of Normal Processing - - - - - - - - - - - - - - - - - - -
RETURN

C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - -
C - - Write Format(s)

END

Subroutine masses
SUBROUTINE MASSES(NNUCLD,U02NM,EAVG,RHOAVG,INM,NMEMMPRFX

2 ,MSUFX,WPI,FNVOL,RHOEFF)
C - - - - - - - - -- - - - - - - - - - - - - _
C - - * M A S S E S * Edits the Nodal Nuclide Masses, Nodal U02
C - - Mass, Lattice-averaged Enrichment and
C - - Density, and Computes Effective Density from
C - - SAS2H Nodal Masses and Initial Charge Oxygen
C - - Mass
C -- - - - - - - - - - -
C - - Argument(s):
C - - NNUCLD - Number of Nuclides Considered in Problem (input)
C - - U02N - Nodal Mass of U02 in Problem (input)
C - EAVG - Lattice-averaged Enrichment (w/o) (input)
C - RHOAVG - Lattice-averaged Density (g/cc) (input)
C - - INM - Nodal Nuclide Mass (g) (input)
C - - NMEM - SAS2H Isotope Mnemonic (input)
C - - MPRFX - Prefixes for NCNP Nuclide Identifiers -(input)
C - - MSUFX - Suffixes for NCNP Nuclide Identifiers (input)
C - - FNVOL - U02 Nodal Volume (cm**3) (input)
C - - RHOEFF - Effective Density (g/cc) (output)
C - - - - - - - -- - - - - - - _ - - - - - - - - -
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -

REAL INM(NNUCLD)
CHARACTER*4 MSUFX(NNUCLD)
CHARACTER*6 NMEM(NNUCLD)

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /PAGES/ NPAGE,NIN,NOUT

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - -
DIMENSION MPRFX(NNUCLD),WPI(NNUCLD)

C - - Edit Nodal U02 Mass and Lattice-averaged Values - - - - - - - - -
TNASS - 0
DO N - 1,NNUCLD

TMASS - TMASS+INM(N)
ENDDO
RHOEFF - TMASS/FNVOL
CALL HEADER
CALL LINES(9)
WRITE(NOUT
2 ,'(''OTotal U02 Mass Computed from SAS2H (g) - ",FlO.l)')
3 THASS
WRITE(NOUT
2 ,'("OEffective U02 Density (g/cc) - '',F7.4)P) RHOEFF
WRITE(NOUT,
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2 1'V'OTotal U02 Mass computed from Input Lattice Values (g) -
3 ,F10.1)') U02NM
WRITE(NOUT,'("OLattice-averaged Enrichment (w/o) - 99,F5.3)')
2 EAVG
WRITE(NOUT,'(" OLattice-averaged Density (g/cc) - ",F6.3)')
2 RHOAVG

C - - Compute Nodal Weight Percentages - - - - --- - - - - - - - - -
DO N - 1,NNUCLD
WPI(N) - 100.0*INM(N)/UO2NM

ENDDO
C - - Edit Nodal Masses for Nuclides - - - - - - - - -.- - - - - - - -

CALL LINES(3)
WRITE(NOUT,6000)
DO N - 1,NNUCLD
CALL LINESll)
WRITE(NOUT,'(lX,A6,lX,I6,A4,T20,lP,El0.4,T35,ElO.

4)')
2 NMEM(N),MPRFX(N) ,MSUFX(N),INM(N),WPI(N)
ENDDO

C - - End of Processing - - - - - - - - - - - - - - - - - - - - - - - -
RETURN

C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - - -

C - - Write Format(s)
6000 FORMAT('0 Identifiers Nodal Mass Weight Percentage',/

2 . ,' SAS2H MCNP (g) (w/o)',/)
END
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Subroutine match
FUNCTION MATCH(QUERYNNUCLDMPRFX)

C - - - -- - - _ - - - - -- - - - - - - - - - - - - - - _
C - - M A T C H * Matches MCNP Nuclide Prefix Query to Entry in
C - - valid Nuclide List and Returns Corresponding
C - - Index
C - - -- _ - - - - - - - - - - - - - - - - - - - - - -
C - - Argument (s) :
C - - QUERY - Query MCNP Nuclide Identification Prefix (input)
C - - NNUCLD - Number of Nuclides Considered in Problem (input)
C - - MPRFX - Vector of MCNP Nuclide Identification Pre- (input)
C - - fixes from Valid Nuclide List
C - - MATCH - Index in Valid Nuclide List Corrsponding (output)
C - - to Query MCNP Nuclide Identification
C - - Prefix
C - - - - - - - - _ - - - - - - - - - - - - - - _
C--
C - - Type Statement~s) - - - - - - - - - - - - - - - - - - - - - - - -

INTEGER QUERY
C - - Common Block(s)… - - - - - - - - - - - - - - - - - - - - - - - -

COMMON /PAGES/ NIN,NOUT
C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - -

DIMENSION NPRFX(NNUCLD)
C - - Sweep through Reference Nuclide List - - - - - - - - - - - - - -

MATCH - 0
DO N - l,NNUCLD
IF(MPRFX(N) .EQ. QUERY) THEN
MATCH - N
RETURN

ENDIF
ENDDO

C - - Error processing - - - - - - - - - - - - - - - - - - - - - - - -
CALL LINES(3)
WRITE(NOUT,7000) QUERY
CALL ABORT

C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
C - - Format Statement(s)
7000 FORMAT('0*** F A T A L E R R O R *** Subr. MATCH--'

2 ,' MCNP Nuclide Identifier Prefix nout Found in List'
3 ,/,' Prefix Sought - ',A)
END
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Subroutine match2
FUNCTION MATCH2 (NNUCLD, NMEM, NAME)

C
C
C
C

- - * M A T C H 2 * Matches Nuclide Labels from SAS2H Output arnd
- - ~~~~Valid Nuclide List

C- -

C- -

C--
C- -

C- -

C- -

C- -

C- -

Argument (s) :
NNUCLD -

NMEM -

NAME -

MATCH2 -

Number of Nuclides Considered in Problem
Labels for Reference Nuclide List
Nuclide Name from SAS2K Input Deck
Index in Reference List Corrsponding to
Nuclide Read from MNCP Input

(input)
(input)
(input)

(output)

C - - Type Statement(s)…
CHARACTER-6 NMEM (KNUCLD)
CHARACTER*6 NAME

C - - Sweep through Reference Nuclide
MATCH2 - 0
DO N - 1,NNUCLD

IF(NM4EM(N) .EQ. NAME) THEN
MATCH2 - N
RETURN

ENDIF
ENDDO

C-- End of processing -------
RETURN
END

List…-- - - - - -

Subroutine mogen
SUBROUTINE MOGEN (NNUCLD, INM,U02 NM, WP25, NMEM, GDCAVG)

0
C
0
C
C

- - * M4 0 G E N * Computes Initial Oxygen Mass for SAS2H Data

C -- Argi
C - -

C - -

C - -

C - -

C - -

C - -

C - -

-C- -

ment (s) :
KNUCLD - Number of Nuclides Considered in Problem

INNM- Isotopic Nodal Mass from SAS2H Output
U02NM - 002 Nodal Mass for Fresh Fuel
WP25 - Enrichment for U-235 (Initial)
NMEM - List of SAS2H Identifers from Valid Nu-

elide List
GDCAVG - Average Gadolinia Concentration for the

Node

(input)
(i&o)

(input)
(input)
(input)

(input)

C - -------------------- I
C - -

C - - Type Statement(s) ------------------------
C - - MMGD - Atomic Weight for Gadolinia
C - - 14MGD203 - Molecular Weight of Gd203

CHARACTER*6 NMEN (NNUCLD)
REAL MMGD, MMGD203
'REAL INM(NNUCLD)
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C - - Common Block(s) … - - - - - - - - - - - - - - - - - - - - - - - -
COMMON IAWEIGHTI AWU(4),AWGD(7),AGD(7),AWO

C - - Static Functions - - - - - - - - - - - - - - - - - - - - - - - - -
C - - WP24 - Computes Weight Percentage for U-234 from U-235 Weight
C - - Percentage
C - - WP26 - Computes Weight Percentage for U-236 from U-235 Weight
C - - Percentage

WP24(X) - 0.007731*(X)**1.0837
WP26(X) - 0.0046*X

C - - Compute Weight Percentages for Uranium Isotopes - - - - - - - - -
E24 - WP24(WP25)
E26 - WP26(WP25)
E28 - 100-WP25-E24-E26
LOC - MATCH2(NNUCLD,NMEMI' o 16 ')
IF(LOC .EQ. 0) LOC - MATCH2(NNUCLDNMEM, 0 16 )

C - - Add Oxygen Inventory for U02
INM(LOC) -
2 (UO2NM*2*AWO*100)
3 /(WP25*AWU(2)+E24*AWU(C)+E26*AWU(3)+E28*AWU(4)+200*AWO)

C - - Add Oxygen Inventory for Gd2O3
IF(GDCAVG NE. 0) THEN
MMGD - 0.0
DO I - 1,7
MMGD - AGD(I)*AWGD(I)

ENDDO
MMGD - MMGD/100.0
MMGD203 - (2*MMGD)+(3*AWO)
INM(LOC) - INM(LOC)+

2 (3.0*AWO)*((GDCAVG*UO2NM/l00.0)/MMGD203)
ENDIF

C - - End of processing - - - - - - - - - - - - - - - - --- - - - - - -
RETURN
END

Subroutine sload
SUBROUTINE SLOAD(LU2,NNUCLDSFRACNMEM,NOGAD,NOFPGD)
C- - - - - - - - - - - - - - - - - - - - - - - - - - -
C - - * S L 0 A D * Loads Weight Fractions for Fuel Nuclides from
C - - SAS2H Output
C - - - - - - - - _ - - - - - - - - - - - - - - _
C - - Argument(s):
C - - LU2 - Logical Unit Number for File Containing (input)
C - - SAS2H cut File
C - - NNUCLD - Number of Nuclides Considered in Problem (input)
C - - SFRAC - Nuclide Fractions from SAS Output (output)
C - - NMEM - Labels for Valid Fuel Nuclides in MCNP (input)
C - - Deck
C - - NOGAD - Flag to Indicate whether Gadolinia Intro- (input)
C - - duced as an Integral Burnable Absorber
C - - should the Deleted from the Fuel Material
C - - Intermediate Dataset
C - - (O - No, 1 - Yes)
C - - NOFPGD - Flag to Indicate whether Fission Product (input)
C - - Gadolinium Isotopes are Deleted from the
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C - - Fuel Intermediate Dataset
C- - (0-No, 1 - Yes)
C - - -- - - - - - -- - - - - - - - - - - - - - - - _
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -

LOGICAL GDFND
REAL MASS
CHARACTER*2 GDSYMJ,GDSYM2
CHARACTER*6 NMEM(NNUCLD)
.CHARACTER*6 NAME
CHARACTER*132 BUFFER

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - -
COMMON /PAGES/ NIN,NOUT

C - - Dimension statements) - - - - - - - - - - - - - - - - - - - - - -
DIMENSION SFRAC(NNUCLD)

C - - Data Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
DATA GDSYM1 /'gd'/, GDSYM2 /'GD'/

C - - Search for Light Nuclides in SAS2H Output - - - - - - - - - - - -
10 READtLU2,'(A)',END-500) BUFFER

IF(MCHAR(132,BUFFER) .LT. 111) THEN
GOTO 10

ELSE
C - - Check for "light elements" Header

IF((BUFFER(98:111) EQ. 'light elements') .OR.
2 (BUFFER(98:111) .EQ. 'LIGHT ELEMENTS')) THEN

C - - Read Subsequent Lines to Search for Matching Nuclides
15 READ(LU2,'(A)') BUFFER

C - - Check for Subsequent Header Indicating End of Isotopic Mass
C - - Section

IFM(BUFFER(98:111) .EQ. 'light elements') .OR.
2 (BUFFER(98:111) .EQ. 'LIGHT ELEMENTS')) GOTO 20

READ(BUFFER(6:10),'(A5)') NAME
C - - Look for Gadolinia Isotopes

IF(NOGAD .EQ. 0) THEN
GDFND - .FALSE.
DO I - 1,4

IF((NAME(I:(I+1)) .EQ. GDSYM1) .OR.
2 (NAME(IU:I+1)) .EQ. GDSYM2)) GDFND - .TRUE.

ENDDO
IF(GDFND) THEN

INDEX - MATCH2(NNUCLD,NMEM,NAME)
IF(INDEX .NE. 0) THEN
READ(BUFFER(74:81),'(E8.2)') MASS
SFRAC(INDEX) - SFRAC(INDEX)+MASS

ENDIF
ENDIF

ENDIF
GOTO 15

ELSE
GOTO 10

ENDIF
ENDIF

20 ICOUNT - 0
21 READ(LU2,'(A)',END-500) BUFFER
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IF(MCHAR(132,BUFFER) .LT. 111) THEN
GOTO 21

ELSE
C - - Check for 3actinides" Header

IF((BUFFER(103:111) .EQ. 'actinides') .OR.
2 (BUFFER(103:111) .EQ. 'ACTINIDES')) THEN

ICOUNT - ICOUNT+1
IF(ICOUNT .LT. 3) GOTO 21

C - - Read Subsequent Lines to Search for Matching Nuclides
25 READ(LU2,'(A)') BUFFER

IF((BUFFER(103:111) .EQ. 'actinides') .OR.
2 (BVFFER(103:111) .EQ. 'ACTINIDES')) GOTO 30

READ(BUFFER(6:11),'(A6)t) NAME
INDEX - MATCH2(NNUCLD,NMEM,NAME)
IF(INDEX .NE. 0) THEN
READ{BUFFER(74:81),'(E8.2)') MASS
SFRAC(INDEX) - SFRAC(INDEX)4MASS
IF(INDEX EQ. 19) GOTO 30

ENDIF
GOTO 25

ELSE
GOTO 21

ENDIF
ENDIF

30 READ(LU2,'(A)',END-500) BUFFER
IF(MCHAR(132,BUFFER) .LT. 111) THEN
GOTO 30

ELSE
C - - Check for "fission products" Header

IF((BUFFER(96:111) .EQ. 'fission products') .OR.
2 (BUFFER(96:111) .EQ. 'FISSION PRODUCTS')) THEN

C - - Read Subsequent Lines to Search for Matching Nuclides
35 READ(LU2,'(A)') BUFFER

IFM(BUFFERC71:76) .EQ. 'curies') .OR.
2 (BUFFER(71:76) .EQ. 'CURIES')) GOTO 40

READ(BUFFER(6:11),'(A6)') NAME
INDEX - MATCH2(NNUCLDNMEMNAME)

C - - Omit Gadolinium if NOFPGD Set
IF(INDEX .NE. 0) THEN
IF(NOFPGD .EQ. 1) THEN

GDFND - .FALSE.
DO I - 1,4

IF((NAME(I:(I+1)) .EQ. GDSYM1) .OR.
2 (NAME(I:(I+1)) .EQ. GDSYM2)) GDFND - .TRUE.

ENDDO
IF(GDFND) GOTO 35

ENDIF
READ(BUFFER(74:81),'(E8.2)') MASS
SFRAC(INDEX) - SFRAC(INDEX)+MASS

ENDIF
GOTO 35

ELSE
GOTO 30

ENDIF
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ENDIF
C - - End of processing - - - - - - - - - - - - - - - - - - - - - - - -

40 RETURN
C - - Error Processing - - - - … - - - - - - - - - - - - - - - - - - - -

500 WRITE(NOUT,7000)
STOP

C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - -
C - - Error Format(s)

7000 FORMAT(b0*** F A T A L E R R 0 R *** SUBR. SLOAD ',/
2 ,' -- Premature End-of-file Encountered')
END

Subroutine sload2
SUBROUTINE SLOAD2(LU2,NNUCLD,SFRAC,NMEM,NOGAD,NOFPGD)

C -- - - - - - - - - - - - - - - - - - - - - - -
C - - * S L 0 A D * Loads Weight Fractions for Fuel Nuclides from
C - - SAS2H Output from Full Output File
C - - - - - - - -- - - - - - - - - - - - - _
C - - Argument(s):
C - - LU2 - Logical Unit Number for File Containing (input)
C - - SAS2H cut File
C - - NNUCLD - Number of Nuclides Considered in Problem (input)
C - - SFRAC - Nuclide Fractions from SAS Output (output)
C - - NMEM - Labels for Valid Fuel Nuclides in MCNP (input)
C - - Deck
C - - NOGAD - Flag to Indicate whether Gadolinia Intro- (input)
C - - duced as an Integral Burnable Absorber
C - - should the Deleted from the Fuel Material
C - - Intermediate Dataset
C - - (0 - No, 1 - Yes)
C - - NOFPGD - Flag to Indicate whether Fission Product (input)
C - - Gadolinium Isotopes are Deleted from the
C - - Fuel Intermediate Dataset
C -- (0 - No, 1 - Yes)
C -- - - - - - - - - - - - - - - - - - - - - - -
C- -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
LOGICAL GDFND
REAL MASS
CHARACTER*2 GDSYM1, GDSYM2
CHARACTER*6 NMEM(NNUCLD)
CHARACTER*6 NAME
CHARACTER*132 BUFFER

C - - Common Block(s) - - - - - - - - - - - - - - - - - - - - - - - - -
COMMON /PAGES/ NIN,NOUT

C - - Dimension statement(s) - - - - - - - - - - - - - - - - - - - - -
DIMENSION SFRAC(NNUCLD)

C - - Data Statement(s) - - - - - - -…- - - - - - - - - - - - - - - - -
DATA GDSYM1 /'gd'/, GDSYM2 /'GD'/, ICOUNT /0/

C - - Search for Light Nuclides in SAS2H Output - - - - - - - - - - - -
10 READ(LU2,'(A)',END-500) BUFFER

IF(MCHAR(132,BUFFER) .LT. 74) THEN
GOTO 10
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ELSE
C - - Check for 'grams" Header

IF(CBUFFER(70:74) .EQ. 'grams') .OR.
2 (BUFFER(70:74) .EQ. 'GRAMS')) THEN

C - - Read Subsequent Lines to Search for Matching Nuclides
ICOUNT - ICOUNT+1
IF(ICOUNT .LT. 3) GOTO 10

15 READ(LU2,'(A)') BUFFER
C - - Check for Subsequent Header Indicating End of Isotopic Mass
C - - Section

IF((BUFFER(71:76) .EQ. 'curies') .OR.
2 (BUFFER(71:76) .EQ. 'CURIES')) GOTO 20

READ(BUFFER(6:10),'(A5)') NAME
C - - Look for Gadolinia Isotopes

IF(NOGAD .EQ. 0) THEN
GDFND - .FALSE.
DO I - 1,4

IFU(NAME(I:(I+1)) .EQ. GDSYM1) .OR.
2 (NAME(I:(I+1)) .EQ. GDSYM2)) GDFND - .TRUE.

ENDDO
IF(GDFND) THEN

INDEX - MATCH2(NNUCLD,NMEM,NAME)
IF(INDEX .NE. 0) THEN
READ(BUFFER(74:81),'(E8.2)') MASS
SFRAC(INDEX) - SFRAC(INDEX) tMASS

ENDIF
ENDIF

ENDIF
GOTO 15

ELSE
GOTO 10

ENDIF
ENDIF

20 ICOUNT - 0
21 READ(LU2,'(A)',END-500) BUFFER

IF(MCHAR(132,BUFFER) .LT. 74) THEN
GOTO 21

ELSE
C - - Check for "actinides" Header

IF((BUFFER(70:74) .EQ. 'grams') .OR.
2 (BUFFER(70:74) .EQ. 'GRAMS')) THEN

C - - Read Subsequent Lines to Search for Matching Nuclides
25 READ(LU2,'(A)') BUFFER

IF((BUFFER(46:52) .EQ. 'element') .OR.
2 (BUFFER(46:52) .EQ. 'ELEMENT')) GOTO 30

READ(BUFFER(6:11),'(A6)') NAME
INDEX - MATCH2(NNUCLD,NMEM,NAME)
IF(INDEX .NE. 0) THEN
READ(BUFFER(74:81),'(EB.2)') MASS
SFRAC(INDEX) - SFRAC(INDEX)+MASS

ENDIF
GOTO 25

ELSE
GOTO 21
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ENDIF
ENDIF

30 READ(LU2,'(A)',END-500) BUFFER
IF(MCHAR(132,BUFFER) .LT. 74) THEN
GOTO 30

ELSE
C - - Check for "fission products" Header

IF((BUFFER(70:74) .EQ. 'grams') .OR.
2 (BUFFER(70:74) .EQ. 'GRAMS')) THEN

C - - Read Subsequent Lines to Search for Matching Nuclides
35 READ(LU2,'(A)') BUFFER

IFU(BUFFER(71:76) .EQ. 'curies') .OR.
2 (BUFFER(71:76) .EQ. 'CURIES')) GOTO 40

READ(BUFFER(6:11),'(A6)') NAME
INDEX - MATCH2(NNUCLD,NMEM,NAME)
IF(INDEX .NE. 0) THEN
IF(NOFPGD EQ. 1) THEN
GDFND - .FALSE.
DO I - 1,4

IF((NAME(I:(I+1)) .EQ. GDSYM1) .OR.
2 (NAME(I:(I+1)) .EQ. GDSYM2)) GDFND - .TRUE.

ENDDO
IF(GDFND) GOTO 35

ENDIF
READ(BUFFER(74:81),'(E8.2)') MASS
SFRAC(INDEX) - SFRAC(INDEX)+MASS

ENDIF
GOTO 35

ELSE
GOTO 30

ENDIF
ENDIF

C - - End of processing - - - - - - - - - - - - - - - - - - - - - - - -
40 RETURN

C - - Error Processing - - - - - - - - - - - --- - - - - - - - - - - - -
500 WRITE(NOUT,7000)

STOP
C - - FORMAT Statement(s) - - - - - - - - - - - - - - - - - - - - - - -
C - - Error Format(s)
7000 FORMAT('0*** F A T A L E R R 0 R *** SUBR. SLOAD2 ',/

2 ,' -- Premature End-of-file Encountered')
END
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1. Introduction
This attachment describes the methodology used to create GE 8x8 (large central water rod) fuel lattice
models for use in MCNP (References 7.1, 72, 7.5, and 7.6) representations of Boiling Water Reactor
(BWR) cores. The methodology assumes the existence of a dataset describing the blade geometry that
has been generated according to the requirements of Attachment V.

The driver coding within the linkage automation Is Intended to be sufficiently robust to readily model all
the varieties BWR fuel and Is described In Attachment X This attachment describes the modeling of a
GE 8x8 fuel lattice with a large central water rod. Such a water rod displaces the four central fuel rods In
the lattice.
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2. Specifications
This process Is a subset of the larger process described and Illustrated In Attachment X and this
attachment describes the particular processing for a GE 8x8 fuel lattice with a large central rod. The
basis values used In this attachment are shown In Attachment IV. Note that the values shown herein do
not necessarily correspond to a particular lattice used In the analyses, but are shown to Illustrate the
process whereby such an MCNP Is constructed.

2.1. Definition of Fuel Rods.
The fuel rods are comprised of zircaloy tubes filled with U02 ceramic pellets (Reference 7.8) as shown In
Figure 2-1. Computation of the values for the absorber tubes defining surfaces Is shown In Worksheet
2-1, while the cell and universe definitions are shown In Worksheet 2-2.

2.2. Definition of Water Rod
The large central water rod Is a hollow zircaloy tube through which un-volded water flows (Reference 7.4).
Computation of the values for the absorber tubes defining surfaces Is shown In Worksheet 2-1, while the
cell and universe definitions are shown In Worksheet 2-2.

2.3. Definition of Fuel Lattice
The fuel rods fill a regular lattice. In the case of the GE 8x8 fuel design with small water rods, one or
more of these fuel rods are displaced with cladding hulls through which non-voided water flows (see
FIgure 2-2). Note that In the model four representations of the water rod are produced with different
center coordinates. This permits the water rod to be assembled from these four copies as filling
universes In the lattice definIng the fuel lattice.

2A. Definition of Fuel Channel
The channel Is assumed to be of uniform thickness with rounded comers and Is as described In
Attachment X for a D' lattice geometry.

2.5. Integration of Components
The combination of the lattice components Into a complete model Is Illustrated In Figure 2-3.
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Figure 2-1 Fuel Rod
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Figure 2-2 Latfice Population
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Worksheet 2-1 Computation of Surface Coordinates
Index Syrnbd Definition Mnemnk Parameters Computation

I SPOR Reference Fuel Pelet Outer c/z 2.15845 wWGAP+CTHiCK+CFSRD+(CODI2)
Surface -2.15545 w .GAP+CTH1CK+CFSRD4(COD/2))

0.5207 . *POD/2
2 SCIR Reference Claddkhg Inner Surface 2.15645 -WGAP+CTHICK+CFSRD+(COD12)

.2.1645 a .(WW+CTHICK+CFSRD+(COD/2))
.______ .______ 0.5321 - (CODJ2)CLD

3 SCOR Reference Cladding Outer cz 2.15645 *wGAP4CTHICK+CFsRD+(CoDt2)
Surface 421S645 w -(WGAP+CTHICK+CFSRD+(COD/2))

0.6134 a CO01
4 SIWRNWQ Water Rod Inner Surface (ci 2.96925 O WGAP+CTHICK+CFSRD+(CODr2)+

Quadrant) (RPITCH/2)
-2.96925 I -VMAP+CTHICK+CFSRD+(CODr2)+

_ (RPITCHK2))

1.2281 -WRID12
5 SOWRNW Water Rod Outer Surface (NW cdz 2.96925 - WGAP+CTHICK+CFSRD+(COD/2)+

Q Quadrant) (RPITCKM
-2.96925 * %WGAP+CTHlCK+CFSRD+(CoDr2)+

(RPITC-2))

_SR 0 aro_ 1.3094 aWORD/2
6 SIWRNEQ Water Rod Inner Surface (NE c/a 1.34365 w WGAPeCTHICK+CFSRD+(COD12)-

Quadrant) ____ f`RPITWl2)

2.96925 w O(IGAP.CTHlCK+CFSRD+(COD/2)+
(RPITCH12))

1.2281 *WRID/2
7 SOWRNEQ Water Rod Outer Surface (NE c 1.34385 a WGAP+CTHICK+CFSRD+(COD12).

Quadrant) (RPITCH12)

-2.96925 w -ROAP+CTHICK+CFSRD+(COD/2)+
(RPITCHJ2))

1.3094 *WORM2
8 SiWRSEQ Water Rod Inner Surface (SE ch 1.34365 =WGAP+CTHICK+CFSRD+(CO02)-

Quadrant) (RPrTCHI2)
.1.34365 (WGAP+CTHICK+CFSRD+(rOD/2).

._____ (RPITCHK2))
1.2281 *WRID12

B SOVRSEQ Water Rod Outer Surface (SE crz 1.34365 * WQAp+47HCK+CFSRD+(COD/2)-
Quadrant) (RPiTCHK2)

-1.34385 - -eNGAPWCTHICK+CFSRD+(COD/2)-
(RPtTCH+2))

1.3094 -WORDJ2
10 SllNRSWQ Water Rod Inner Surface (SW c/a 2.96925 OWGAP+CTHLCK+CFSRD+(COD12)+

Quadrant) (RPITCK12)

41.34365 * .OWGAP+CTHICK+CFSRD+(COD/2)-
RPTCHM))

^. rb_^^ tS____ __ ___ ____________ _ __ 1.2281 *WRID/2
11 15iVvxbWUiwaxerKiO O~rner fiCe jVV

I Quadrant)
2.S6925a - WAfI~UOJ)

(RPITCHM2
-1.34385 p(WGCTHICK+CFSRD+(COD/2)-

RPITCF2))
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Index Symbol Definition Mnemonic Parameters Computation
. ____________________ .- 1.3094 *WORDt2

12 XMINFRW XMIN Surface for Fuel Rod Window px 0.8128 a (RPITCKt2)

13 XMAXFRW XMAXSurfaceor Fuel Rod Window px 0.8128 w RPITCU2

14 YMINFRW XMIN Surface for Fuel Rod Window PY -0.B128 a -RPITCW2)

15 YMAUFRW XMAX Surface for Fuel Rod Window py 0.8128 * RPITCH/2

16 WGCYNX Wide Gap, Channel Outside Wanl, px 0.9525 * WGAP
pX Surface

17 WGCIWX Wide Gap, Channel hside Wal. pX P 1.1657 =WGAP+CTHICK
Surface

18 NGCIWX Narrow Gap. Channel Inside Wall, px 14.56182 WGAP+CTHlCK+ASIN
pX Surface

19 NGCOWX Narrow Gap. Channel Outside Wall, p 14.76502 *WGAP+(2CTHICK)+ASIN
_ ______ pX Surface

20 WGCOWY Wide Gap, Channel Outside Wall, py .0.9525 * -WGAP
_ _____ pYSurface

21 WGCIWY Wide Gap, Channel Inside Wall, pY py -1.1557 a ..(GAP+CTHICK)
_ ~~~Surface

22 NGCIWY Narrow Gap, Channel Inside Wall, PY -14.56182 a -C(GAP+CThICK+ASIN)
pY Surface I

23 NGCOWY Narrow Gap, Channel Outside Wanl, py -14.76502 a .NWGAP+(CTHICK)+ASIN)
pY Surface

24 XAMBIG1 A uty Surface for Channel px 2.1717 a WGAP+CTHICK+CRADIUS
Corners (Wide Gap)

25 XAMBIG2 Amblgulty Surface for Channel px 13.54582 - WGAP+CTHICK+ASINCRADIUS
Corners (Narrow Gap)

26 YAMBIG1 Ambiguity Surface for Channel PY -2.1717 * -VNGAP4CTHICK*CRADIUS)
Corners mide Gap)

27 YAMBIG2 Ambigulty Surface for Channel py -13.54582 - -(WGAP+CTHICK+ASIN-CRADIUS)
Corners (Narrow Gap)

28 CCIRO Outer Radiusfor Comer 1 erz 2.1717 =WGAP+CTHICK+CRADIUS
421717 -MQ lCK CK.CRADIUS)

_ ______ ____________________ 1.2192 * CRADIUS+CTHICK
29 CC1RI Inner Radius for Comer I z 2.1717 a WGAP+CTHICK+CRADiUS

4117117 - -(GAP4CTHICK+CRADIUS)
1.016 *CRADIUS

30 CC2RO Outer Radius fbr Corner2 ciz 13 54582 * WGAP+CTHICK+ASIN-CRADIUS
4I717 = -MrAPNCThICK4CRADXUS)

._____ ___________________ ______ 12192 a CRADIUS+CTHICK
31 CC2RI Inner Radius for Comer 2 cZ 13.54582 *WGAP+CTHICK+ASIN-CRADIUS

-2.1717 - MWGAP+CTHICK+CRADIUS)
1.016 z CRADIUS

32 CC3RO Outer Radius for Corner 3 CIZ 13.54582 - WGAP+CTHICK+ASIN-CRADIUS
-13.S4582 .VGAP.CTHICK+ASIN-CRADIUS)

12192 = CRADIUS+CTHICK
33 CC3RI Inner Radius for Corner 3 13.54582 =WGAP+CTHICK+ASIN-CRADIUS

-13.54582 a .(WGAP+CTHICK+ASIN-CRADIUS)
.___ __ _ . _______. _________ .______ 1.016 c CRADIUS

34 CC4RO Outer Radius for Comer 4 ctz 2.1717 1 * WGAP+CTHICK+CRADIUS
-13.54582 .I -(WGAP+CTHICK4ASiCRADIUS)
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I Index symbol Defintlion Mnemonic parameters Computation
1.2192 * CRADIUS+CTHICK

35 CC4RI Inner Raditus for Comer4 2.1717 WGAP4CTHICK+CRADIUS
-13.54582 ' -NG + iCK+ASIN-CRADIUS)

1.016 CRADIUS

Worksheet 2-2 Cell Definitions
Idex Symbol Unierse Symbol Defintion Cell Definition

I CFP I UFR Fuel Pellet 41 u I

2 CFCG I Pellet-Cladding Gap -21 us 1
3 CFRC 1 Cladding -3 2 us 1
4 CMOFR I Moderator Outside Fuel Rod 3 us 1
5 CIWRNW 2 UWRNW Water Inside Water Rod (NW) 4 ur 2

6 CWRNW - 2 Water Rod (N) 44 u=2
7 CMOWRNW 2 Moderator Outside Water Rod 5u 2.

(NM)___
8 CIWRNE 3 UWRNE Water Inside Water Rod (NE) us3

9 CWRNE 3 Water Rod (NE) -7 6 us 3
10 CMOWRNE 3 Moderator Outside Water Rod 7 us 3

(NE)

11 CIWRSE 4 UWRSE Water Inside Water Rod (SE) 8 un 4

12 CWRSE 4 Water Rod (SE) 9 S u= 4

13 CMOWRSE 4 Moderator Outside Water Rod 9um 4
_____ ~~~~~~(SE)______ ____

14 CIWRSW S UWRSW Water Inside Water Rod (SW) -10 us S

15 CWRSW S Water Rod (SW) -11 10uo 5
16 CMOWRSW Moderator Outside Water Rod 11 u-S

17 CWFRL - B UFRL Wlndow for Fuel.Rod (Lattice) 12 -13 14 - S us 6 flI= 1.2,3,4 or 6

l1 CCHAN 7 UCHAN Channel (16 -17 -26 27 ):(-20 21 24 25 ):
(-22 23 24 -25 ):(18 -19 -28 27 ):
(-28 29 26 -24 ):( -30 31 26 25):
(-32 33 25 -27 ):( .34 35-27-24)

________ _______ ~~~~~~~~u- 7

19 CWIC 7 Water Inside Channel (24 -25 -21 22 ):{(17 -24 -26 27:
(25-18 2627 Y( 29-2426):
(41 25 27 ):-3325-27 ):Y(35-24-.27)

20 CWOC 7 Water Outside Channel 019 #18 us 7
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3. Encoding of Process

There are two distinct parts of the process for creating lattice models. The first Is a driver function that
manages the selection of the appropriate data for the lattice and second Is a lattice-geometry-specific
function that creates the detailed lattice model.

3.1. Driver Function

A description of this function is provided In Attachment X.

3.2. LattIce-preparation Function

A global description of this function Is provided In Attachment X. The flowchart of this process for GE 8x8
fuel assemblies with small water rods Is shown in Figure 3-1.
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Yes

Figure 3-1 Flowchart for Creation of GE 8x8 Lattice with Large Central Water Rod
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Figure 3-1 (contd)
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1. Introduction
This attachment describes the creation of version 1 of the BLINK linkage automation software routine.
This Is a revision of the first version of this software routine which is described in Attachment VM.

2. Descriptions of Changes
The substantive changes to the software routine are:

1) added the capability to model axial nodes in the fuel assembly with differing height;
2) added a model for GE 8x8 fuel lattlces Incorporating a Large Central Water Rod; and
3) changed the construction of the control cell to reduce the number of surfaces to provide headroom to

MCNP Input limitations.

Each of these changes will now be described In greater detail.

2.1. Varying-length Axial Fuel Nodes
The ablrity to select differing lengths for the axial nodes In fuel assembly models was achieved by
Incorporating new Input variables that specify the top of each axial node for each geometrically unique fuel
assembly type in the core. The top and bottom of the fuel assembly are restricted to be the problem
datum of the bottom and the axial location corresponding to a distance above the datum equivalent to the
axdal fuel length (the variable 'afi').

2.1.1. Addition of GE 8x8 Lattice Design with Large Central Water Rod
The construction of the model for a GE 8x8 lattice design Incorporating a large central water rod Is
described In Attachment XVI.

2.1.2. Changes to Control Cell Construction
The existing control cell model, as depicted schematically In Figure 3-6 of Attachment VI, required the use
of many surfaces within MCNP and challenged the limitations of the Input processor (Reference 7.1, page
3-11); therefore, the bounding surfaces were changed to be those shown In Figure 2-1. This change
reduced the total number of surfaces and simplified the specification of the cell representing the control
cell.
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Figure 2-1 New Control Cell Construction Scheme
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22. Changes to Input Instructions

The only changes to the software routine was the Introduction of the variables controlling the node height;
nevertheless, all of the input instructions will be provided here for completeness. A copy of the input deck
for the Quad Cities Unit-1 initial core with the Input for assembly-specific node sizes Is shown In Figure
2-2.

2.2.1. Dataset Title Record

The first line of the dataset Is a title. While the contents of this line are arbitrary, good practice Indicates
that it should contain the following Information:

* name of plant modeled;

cycle and exposure point

thermal-hydraulic conditions; and

* software routine execution options.

2.2.2 Namelist Input

The FORTRAN Namefist-type Input variables must adhere to the restrictions Inherent In the format of such
input. Care must be taken to ensure that the value provided Is consistent with the data storage class In
the automation (L.e., Integer Input for Integer variables and real input for real variables) so that neither
precision Is not lost for real variables nor Is Illusory precision Implied for integer variables.

2.2.3. List Input Fields

These fields are used for vectors and arrays of data, such as Indices to fuel assembly axial nodes and
4maps Indicating the locations of fuel assembly geometrical types. While these are read In a 0free-
format," good practice Indicates that they should be arrayed In a regular fashion that maximizes legibility.
The list input fields are preceded by a title Oine In every Instance.

Table 2-1 Input Variables

Variable Definition Comments Format
Title Case Title Character String - Describes Analysis Single Line

COREDB File Specification for Core Namelist
Geometry Database

CORERMTLS File Specification for Core Namelist
Materials Database

BLADEDB File Specification for Namellst
Control Blade Geometry
Database

FPREFIX Directory Specification for Namelist
Location of Fuel Material
Intermediate Database

LPREFIX Directory Specification for Namellst
Location of Lattice
Geometry Database

NAXIAL Number of Axial Nodes in Must be Consistent with SAS2H Analysis Namelist
Core Representation forming the Source of the Fuel Material

Compositions
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Variable Definition Comments Format
AFL Active Fuel Length Value must be in centimeters Namelist
NCOLP Maximum Number of May be Consistent with Quarter-core. Half- Namelist

Columns of Fuel core or Full-core Representations
Assemblies In the
Problem

NROWP Maximum Number of May be Consistent with Quarter-core, Half- Namelist
Rows of Fuel Assemblies core or Full-core Representations

._______ In the Problem
RHO Density for In-channel Units are g/cmo Namelist

Moderator I
RHOBYP Density for Moderator In Units are cn Namellst

Bypass Region
TEMPK Problem Temperature for Units are Kelvin Namelist

Scattering Kernel
MUTP Material Identifier for Maximum of Six Characters Namelist

Upper Tie Plate Region
MLTP Material Identifier for Maximum of Six Characters Namelist

Lower Te Plate Region
GMAP Map Pointing to Fuel List Format

embly Geometrical
Dataset Vectors

MMAP Map Pointing to Fuel List Format
Material Intermediate
Dataset Vectors

BLADEP Control Blade Position Map of Control Blade Positions (must be an List Format
even Integer between 0 and 48, Inclusive)

LGVECT Lattice Geometry Vectors Supplies Description of Datasets that List Format
Represent the Geometry of the Lattices

LMVECT Lattice.Material Vectors Supplies Description of Datasets that Ust Format
Represent the Material Composition of the
Lattces

NINODE Number of Axial Nodes List Format
for Each Geometrical
Fuel Type

NODE_ Tops of Axial Nodes Units are In cm List Format
BOUNDARIES

N-SPACER Number of Spacers for LUst Format
each Geometrical Fuel
Type

SLLOC Spacer Location for Each Ust Format
Spacer for a Given
Geometrical Fuel Type

S_MTL Spacer Material Label for List Format
Each Geometrical Fuel

_ _ _ _ _ _ _ _ _ T y p e _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Quad Cities-1, Beginning of Life
$LINKIN

CORE DB - '/home/anderson/crc bwr/core database/bwr3 724bundle.dat'
CORE MTLS - '/home/anderson/crc bwr/materials database/core materials.dat'
BLADE DB - '/home/anderson/crc bwr/blade database/ge-d-latttce.dat'
LPREFIX - '/home/anderson/crc bwr/lattice database/'
FPREFIX - '/home/anderson/crcbwr/qclic/fuel composition database/'
NAXIAL - 24
AFL - 365.760
NCOLP - 15
NROWP - 15
RHO - 0.981141
RHOBYP - 0.981141
TEMPK 337.04
MUTP '7GUTP1'
MLTP - '7GLTP1'

$END
Fuel Geometry Loading Map
00 0 0 0 0 0 000 1 1 1 1 1
0 0 0000000111111
O O O O O 0 1 1 1 1 1 1 1 1 1
O O O O 0 1 1 1 1 1 1 1 1 1 1
O O O 0 1 1 1 1 1 1 1 1 1 1 1
O O 0 1 1 1 1 1 1 1 1 1 1 1 1
O 0 1 1 1 1 1 1 1 1 1 1 1 1 1
O 0 1 1 1 1 1 1 1 1 1 1 1 1 1
O 0 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 I 1 1 1 1 1 1 1 1 1 1 1

Fuel Material Loading Map
0 0 0 0 0 010003 3 3 3 3
° ° ° ° O O O O 0 3 3 1 3 1 3
O O O O O 0 3 3 33 1 4 1 3 2
O O O O 0 3 3 1 3 1 4 1 4 2 4
O O O 0 3 3 1 3 2 4 2 4 2 4 2
O O 0 3 3 1 3 2 4 2 4 1 4 2 4
0 0 3 3 1 3 1 4 2 4 2 4 2 4 2
0 0 3 1 3 2 4 2 4 2 4 1 3 1 3
O 0 3 3 2 4 2 4 2 4 1 3 1 3 1
0 3 3 1 4 2 4 2 4 1 3 1 3 1 3
3 3 1 4 2 4 2 4 1 3 1 3 1 3 1
3 1 3 2 4 2 4 1 3 1 3 1 3 1 3
3 3 1 4 2 4 2 3 1 3 1 3 1 3 1
3 1 3 2 4 2 4 1 3 1 3 1 3 1 3
3 3 1 4 2 4 2 3 1 3 1 3 1 3 1

Figure 2-2 BUNK Input Deck for Quad Cities Unk-1 Initial Core
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Blade Positions
-1 -1 -1 -1 -1 48 00 48
-1 -1 -1 00 00 00 00 00
-1 -1 00 48 00 48 00 48
-1 00 00 00 00 00 00 00
-1 48 00 48 00 48 00 48
00 00 00 00 00 00 00 00
00 48 00 48 00 48 00 48
00 00 00 00 00 00 00 00

Lattice Geometry Indices
1 24*1

Lattice Material Indicies
1 1 7*2 10*3 5*2 1
2 4 7*5 10*6-5*5 4
3 7 22*8 7
4 9 22*10 9

Lattice Geometry Datasets
ge7x7.dat
Lattice Material Datasets
G7212G003DL1.dat
G7212G006DL2.dat
G7212G007DL3.dat
G7211G003DL4.dat
G7211G006DL5.dat
G7211G007DL6.dat
G7212G003DL7.dat
G7212G006DL8.dat
G7211G0O3DL9.dat
G7212G006DLIO.dat
Number of Fuel Node Surfaces for each Bundle Type
23
Tops of Fuel Nodes for each Bundle Type
15.24 30.48 45.72 60.96 76.20 91.44 106.68 121.92

167.64 182.88 198.12 213.36 228.60 243.84 259.08
304.80 320.04 335.28 350.52

Fuel Assembly Spacers for each Bundle Type
7

137.16 152.40
274.32 289.56

Locations of Spacer for Each Bundle Type
46.99 96.52 146.05 195.58 245.11 294.64 344.17
Spacer Material Mnemonics
SG7D1

FIGURE 2.2 (cont'd)

2.3. Program Components Modified and Added

Many program components - both FORTRAN routines and C functions - were modified, and In some
cases added, as a result of the creation of the new version. The descriptions of the new or altered
components are discussed In the same structure as used In Attachment Vi. Note that some components
were re-compiled as a result of testing performed on the new version of the software routine and are
essentially unchanged from the previous version.

2.3.1. Driver Routine

The main C function for the rinkage automation software routine was modified to accommodate the
changes described above.
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2.3.2. Service Routines
These are routines that provide memory management, file management, control of overall output
processing, and miscellaneous services. The new or modified components are shown In Table 2.2.

Table 2-2 New or Modified Service Routines
Name [al Function Description of Change

load coremmtis (c) Loads the Contents of the Core Unchanged
___________________________ Materials Dataset Into Memory

load fueLmaterial (c) Loads the Contents of a Altered to Accommodate the
Intermediate Fuel Material Dataset Water Rod Dimensions

.__________________________ In M em ory
IoadsurfaceL.usagejist (c) Loads Entries Into Unchanged

8surIacejusagejist" Structure In
Linked List

memory asciirecord (c) Manages Memory Requests for Unchanged
Variables of the *asclirecord'
Type

memoryfgjist (c) Manages Memory Requests for Altered to Accommodate the
Variables of the Ofg list Type Water Rod Dimensions

memory fioat (c) Manages Memory Requests for Unchanged
Single-precision Real Variables

memoryjnteger (c) Manages Memory Requests for Unchanged
Integer Variables

memory~jattice_llst (c) Manages Memory Requests for Unchanged
Variables of the
'augmented lattice list2

memorys_material (c) Manages Memory Requests for Unchanged
Variables of the 'Ii materiar Type

memorysurfaceusage_1st (c) Manages Memory Requests for Unchanged
Variables of the
_surface usage list Type

memory psagejlist (c) Manages Memory Requests for Unchanged
Variables of the 'usage list Type

searchsurface_usagejist (c) Searches Linked Usts of the Unchanged
"surfaceusagejist' Type either by
Index or Label

[a]. The character In parentheses represents the computer language In which the routine is coded. A
lower case 'c represents C source statements while a lower case ' represents FORTRAN source
statements. The name of FORTRAN source routines are also given In all uppercase letters.

2.3.3. Input Processing

These routines control the processing of Input data to the software routine. Thus, they process the Input
variables shown In Table 2-1. The new or modified components are shown in Table 2-3.
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Table 2-3 New or Modified Input Routines

Name [a] Function Description of Change
LDLV (f) Reads Vectors of Integers and an Unchanged

Associated Title Line
LODCT () Creates Correspondence Table Unchanged

between Lattice Geometry Indices
and Lattice Material Indices

RBLADE (f Reads the Contents of the Control Unchanged
Blade Geometry Dataset

READIN (f) Manages the Reading of Input Modified to Accommodate
Files NewVariables

RLATTICE () Reads the Contents of the Lattice Modified to Accommodate
Geometry Dataset Water Rod Dimensions

[al. The character In parentheses represents the computer language In which the routine Is coded. A
lower case oc represents C source statements while a lower case f represents FORTRAN source
statements. The name of FORTRAN source routines are also given In all uppercase letters.

2.3A. Input Editing Routines

These routines edit the user input to the software routine and the contents of many of the datasets
selected for the creation of the MCNP Input deck. The new or modified components are shown In Table
2-4.

Table 2-4 New or Modified Input Editing Routines

Name [a] Function Description of Change
fgdsedt (c) Edits Contents of Fuel Geometry Modified to Accommodate

Datasets Water Rod Dimensions
edlLct (c) Edits Correspondence Table which Unchanged

Relates Lattice Geometry Indices
and Lattice Material Indices

edit spacer (c) Edits Input Variables Defining Fuel Unchanged
Assembly Spacers

[a]. The character In parentheses represents the computer language in which the routine Is coded. A
lower case 'c represents C source statements while a lower case T represents FORTRAN source
statements. The name of FORTRAN source routines are also given In an uppercase letters.

2.3.6. MCNP Input Deck Generation

These components generate the Input representations for MCNP which represent the core and Its
components. The new or modified components are shown in Table 2-5.
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Table 2-5 New or Modified Deck Generation Routines

Name ala Function Description of Change
adds*urface (c) Adds Surface Definition to MCNP Unchanged

Model
augmentiattice_lst (c) Adds Lattices Incorporating Spacer Unchanged

Grids Into Material Lattice Loading
Vectors

bulldassemblies (c) Combines Unique Lattices Type Unchanged
Into Unique Assembly Types

ge7x7jattice (c) Creates Cells, Surfaces and Unchanged
Material Definitions for Model of
GE 7x7 Lattice (No Water Rods)

ge8x5_1attice.swrl(c) Creates Cells, Surfaces and Corrected Water Density
Material Definitions for Model of Outside of Water Rod
GE 8x8 Lattice with Small Water
Rods

ge8xjattifcejcwr (c) Creates Cells, Surfaces and New Function
Material Definitions for Model of
GE 8x8 Lattice with Large Central
Water Rods

generateJattice_model (c) Controls the Generation of the Added Function Call for GE
Appropriate Lattice Representation 8x8 Lattice with Large Central
for each Unique Lattice In the Core Water Rod
iN

materiaLimatch (c) Matches Material Identifiers with Unchanged
Materials In the Linked Ust for
Core Materials

sourcespecification (c) Adds Source Specification and Changed Specification for
Other Problem Control to the Edit Vector
MCNP Input

spacerjocation (c) Determines the Nodal Locations of Adjustments to Accommodate
Each Fuel Spacer Grid Variable-length Axial Fuel

Nodes
vessel~generation (c) Creates Cells, Surfaces and Unchanged

Material Definitions for Vessel,
Vessel Internals and Axial
Reflector Regions

[al. The character In parentheses represents the computer language In which the routine is coded. A
lower case *e represents C source statements while a lower case f represents FORTRAN source
statements. The name of FORTRAN source routines are also given In all uppercase letters.

[b]. This function calls other functions that create the appropriate cells, surfaces and material definitions
for each lattice geometrical type. The models for these various lattice types are documented In
individual attachments to the main document (see §8).
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3. Integration Testing
Integration testing of the proper operation of this software routine can only be performed in the context of
the entire process whereby lattice depletion is performed with SAS2H and a CRC model Is built in MCNP.

This was accomplished by rerunning the Quad Cities Unit I initial core calculation utilizing BLINK, version
I In the process. This result In comparison to the reference analysis (Ref. 7.7) Is shown In Table 5-1
below.

Table 3-1 Results of Integration Testing Case
Case El envalue Uncertainty

Reference Analysis, using MCNP 4A 1.00435 1 0.0004
Present Evaluation, using MCNP 4B [a], 0.99947 0.00037
and BLINK version 1

[a]. The Input deck generated by BLINK for this case Is named, qclclv m.inp.

These results In conjunction with the results of the Integration testing shown for BUNK version 0 In section
6 of Attachment VI demonstrate consistency between the reference analysis and the present evaluation
using BLINK version 1.
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1. Introduction
This attachment describes the creation of the MCNP Input streams to model the startup criticaffty tests
performed on the Quad Cities Unit 2 core during cycle 13 of that core. Thus it documents the processing
of Fuel Material Intermediate Datasets (FMID's) from SAS2H 'cur files and the preparation of Input to
BLINK, the linkage softawre routine used to prepare the MCNP Input streams.

2. Construction of MCNP Input Streams
The documentation of this portion of the work consists of three parts:

1) identifying the relationship between BLINK fuel assemblies Indices and the Identifiers used for
the SAS2H generation of the exposed fuel Inventories (Reference 7.4);

2) specIfying the various datasets used to construct the MCNP Input streams and geometrical
and thermodynamic parameters; and

3) defining the control blade positoning.

For cycle 13, four startup criticalltytests were performed and each of three calculational parts listed above
are documented for each of these distinct calculations. The symbolic notation for each of the tests
modeled are shown in Table 2-1.

Table 2-1 Symbolic Names for Critical Test Evaluations

Cycle Exposure Symbolic
(MWdlt) Name

0.0 QC2BOC13
201.61 QC2C13CPI10

2257.20 QC2C13CP11
6489.46 QC2C13CP13

2.1. QC2BOC13

This startup test was performed at the beginning of cycle 13 and the reactivity of the core is determined
not only by the newly loaded fuel but also by the contributions of fuel assemblies loaded as far back as
cycle e9. The cycle 13 core loading used Is shown In Figure 2-2 (Ref. 7.9. p. 24). Note that In this figure all
fresh fuel are similarly Identified, since they are Identical at this reactor point

2.1.1. Correspondence of Fuel Assembly Identifiers

The relationship between the SAS2H fuel assembly Identifiers and BLINK fuel assembly indices Is shown
in Figures 2-2 and 2-3. Note that this configuration has been rotated from the southeast quadrant to the
northwest quadrant to accommodate the restrictions of the BUNK software routine. This correspondence
is needed to process the SAS2H Ocur files into FMID's, since the location of the depleted fuel isotopics
from SAS2H are tied to the SAS2H fuel assembly identifiers and the axial node Index

The FMID's are created by processing lists of applicable SAS2H Ocut files as shown in Figure 2-1. The
SAS2- "cut* files processed In this manner have the following file name nomenclature: AaNn.dat - where
ea Is the BLINK fuel assembly Index and Ong is the axial node Index.
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Directory of Lattice
Geometry Dataset
Templates

Directory of Applicable
SAS2H 1 cut" Files

Figure 2-1 Processing of SAS2H "cut Files by IDSGEN



-

Waste Package Operations Calculation (Attachment)
Waste Package Operations Calculation (Attachment)
Title: Creation of MCNP Model for Quad Cities Unit 2 Exposed Core CRC's for Cycle 13
Document Identifier: BOOOOOOOO-01717-0210-00010 REV 01 Attachment XVIII Page 7 of 27

"~ 2 T-1 4 J5 I 64T7 1 1I9 I II11 1 12 1 13 114 115
_ _

, . . _ . _ . .

I

T
T

T

T

T-r

B14 1 A3 1 03 1B2 1 A
, _ . , _ , _

MIl C1 MI D4102I 6
, . . . .A2I SII A6I AZ-" "DeF4* "7I iw1

Al 1 C12 1 D9 lC1 I 1Ng9 IGS I M 1G101 CO E5

-6 �= DI I M-I E141 G4Ftq-Eq0 E3 I W [0
_ .

_ , __, _ , . . . , . * _ . ..

Al C13 AT G111 071 0 H31 JI I E41 J1

A2 C1Di Oi Ellj Fl H121 Al H4 E12 115 KI jFS

TBjDOjDS I 7jI Fl E7 J I FSE2I F2t IctjA

AS IC¶11 E14 1 E9 1 1H2 1 1 A1I01 JI H101 Jt I M1 6 JI F6
_- _- .- _ .. - .- I .- 4- -I4- -.. _ -_I.

AS I AS I NO I 04 1 H31IA FS I A EI31 A 7IJ 3IK

flB4 CSVC 0 1O El I AH4IE2 H10A C14 FlOGS Kl ES

12AS030DO NilE10 IAE12 F2 A1 CT F10CO K1 C5GS

13 034 F4 010 E3 JA HS A1 HS A1 05 K IO A1 41 3

14B62 0238 G3C62 E4 Ki 02 JA C3 KiC 061 Es A1

15 A4 DO NB ES] E6 A1 FS H7 PS Ki FS 9 3 J1 04

NOTE: The calculatons were performed with fuel assemblies identified F4 and F7 In ocaUons (13,3) and
(13,4) respectively, as shown (Identified with an asterisk). The actual loading consisted of fuel
assembly F7 In location (13,3) and G3 In location (13,4). This discrepancy will only have a small
Impact on the results, and Is addressed as an assumption In the document main body.

Figure 2-2 SAS2H Fuel Assembly Identifiers for QC2BOC13
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Figure 23 BLINK Fuel Assembly Identfiers for QC2BOC13
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2.12. Dataset, Geometrical and Thermodynamic Input Values

These values are those documented In Attachment VI, §3.2. The specific values selected for the
FORTRAN NAMELIST portion of input for this CRC are shown In Table 2-2. The values for the
assignment of fuel assembly geometrical and material types and the underlying lattce geometric and
material types are consistent with the fuel assembly Indices. The node lengths for each fuel assembly
type are shown In Table 2-3. Note that some of these values differ slightly from those In the data source
document for assembly types B, C, and D (Reference 7.9, §4.0), since the values used were based on
preliminary Information. The actual nodal dimensions for assembly types B through D from the data
source document are the same as those shown for assembly type A in Table 2-3. These differences are
small (wIthin 1% for each affected node) and will only have a smali Impact the calculations. Since many of
the nodes are of such great length and the fuel spacers are composed of zircaloy, which is essentially
transparent to neutrons, the spacer grids are not modeled.

Table 2-2 BUNK NAMELIST Input for BO13 CRC Reactity Analysis

Variable Value JustificationlReference
CORE DB bwr3 724bundle.dat [a] See Attachment II for complete description of dataset

CORE MTLS; core materials.dat [a] See Attachment Ill for complete description of dataset
BLADE DB ne d iattice.dat a See Attachment V for complete description of dataset
LPREFIX b]_
FPREFIX [b_
NAXIAL 10 This Is the number of axial nodes used In the SAS2H

depletion calculations.
AFL 368.91 Fuel length Is fixed to be 145.24 Inches (368.91 cm)

NCOLP 16 Maximum dimensionality of the quarter core In units of
fuel assemblies.

NROWP 15 Maximum dimensionality of the quarter core In units of
fuel assemblies.

RHO 0.969 This value Is based on linear extrapolation In
thermodynamic tables shown In Worksheet 2-1.

RHOBYP 0.969 The moderator density throughout the problem Is
assumed to be uniformn, whichl is consistent with the
startup conditbons when the crfflcalitv test is performed.

TEMPK 357.8 This value corresponds to 183.84F.
MUTP 8GUTPO (c] A homogenized mixture of materials with an assumed

moderator density of 1.0 grams 3IS used. The dlight error
In moderator density should have a negligible effect

_____________ ._______ since this region Is not In the active fuel.
MLTP 8GLTP0 [el A homogenized mixture of materials with an assumed

moderator density of 1.0 gl9/m Is used. The slight error
In moderator density should have a negligible effect

_______ _ __ since this region Is not In the active fuel.

I a].
[bf.
1cJ.

The prefix Is consistent with the location where the software routine Is executed.
This Input is consistent with location of FMIDUs processed for this analysis.
See Attachment IlI for a complete description of this composition.
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Table 2-3 Locaftons of Nodal Length by SAS2H Fuel Assembly Identifier

- G - 8AS2H Fuel Assembly Identifier
Values In Inches
Node A IA C D E F G H J K

1 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000
2 12.000 12.113 12.113 12.113 12.000 12.000 12.000 12.000 12.000 12.000
3 12.000 12.113 12.113 12.113 12.000 12.000 12.000 12.000 12.000 12.000
4 1LO00 18.169 18.169 18.169 18.000 18.000 18.000 18.000 18.000 18.000
5 12.000 12.113 12.113 12.113 12.000 12.000 12.000 12.000 12.000 12.000
6 18000 18.169 18.169 18.169 18.000 18.000 18.000 18.000 18.000 18.000
7 18.000 18.69 18.169 18.169 18.000 18.000 18.000 18000 18.000 18.000
8 1.000 18.169 18.169 18.169 18.000 18.000 18.000 .000 18.000 18.0W
9 25.240 24.25 24.225 24.225 19.240 19.240 19240 19.240 19.240 19240
10 6.000 6.000 6.000 6.000 12.000 12.000 12.000 12.000 12.000 12.000

Values In cm
1 15.2400 152400 152400 162400 15.2400 16.2400 16.2400 152400 152400 162400
2 30.4800 30.7670 30.7670 30.7670 30A800 30.4800 30.4800 30.4800 30A800 30.4800
3 30.4800 30.7670 30.7670 30.7670 30.48W 30.4800 30.4800 30.4800 30.4800 30.480D
4 45.7200 46.1493 48.1493 46.1493 45.7200 45.7200 45.72C0 45.7200 45.7200 45.7200
6 30.4800 ,30.7670 30.7670 30.7670 30.4800 30A800 30A800 30.4800 30A800 30A800
6 45.7200 46.1493 46.1493 46.1493 45.7200 45.7200 45.7200 45.7200 45.7200 45.7200
7 45.7200 46.1493 46.1493 46.1493 45.7200 45.7200 45.7200 45.7200
8 4S.7200 46.1493 46.1493 46.1493 45.7200 45.7200 45.7200 45.7200 45.7200 45.7200
9 64.1096 61.6315 61.5315 61.5315 48.8696 48.8696 48.8696 4.696 48.8696 48.8696

10 15.2400 162400 15.2400 152400 30.4800 30.4600 30.4800 30.4800 30.800 30.4800
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Worksheet 2-1 Determinaton of Density for QC2BOC13

Temperature Pressure VI
(K) la] (fpa) (mOikg) (glcm)
273.16 0.0006113 0.001000 1.000000

275 0.000698 0.001000 1.000000
280 0.0009912 0.001000 1.000000
285 0.001388 0.001001 0.999001
290 0.001919 0.001001 0.999001
295 0.00262 0.001002 0.998004
300 0.003536 0.001004 0.996016
305 0.004718 0.001005 0.996025
310 0.00623 0.001007 0.993049
315 0.008143 0.001009 0.991080
320 0.01054 0.001011 0.989120
325 0.01353 0.001013 0.987167
330 0.01721 0.001015 0.985222
335 0.02171 0.001018 0.982318
340 0.02718 0.001021 0.979432
345 0.03377 0.001024 0.976563
350 0.04166 0.001027 0.973710

357.48 0.05347 * 0.001031 0.969440

[a). These values are from Keenan and Keyes Steam
Tables (Reference 7.16, hereafter cited as *Steam
Tables").
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2.1.3. Control Blade Positions
The control blade positlons at which the reactor attained criticality are shown In Figure 2-4 (Ref. 7.9, p.
618). Since the core Is modeled In quarter-core symmetry, the control blade pattern is obtained from the
full-core pattern by averaging t-he symmetric locations. While this alters the neutron flux in the vicinity of
the blades so that It Is not consistent with flux distribution in any of the four locations, It Is approximately
correct In an Integral sense Inasmuch as the number of nodes covered by control blades Is conserved.
The blade pattern used In the MCNP analysis Is shown In Figure 2-5.

1 2 3 4 6 6 7 8 9 10 11 12 13 14 15
1 48 0 a8 0 48

2 0 48 0 48 0 48 0 48 0

3 _ 1 48 _0 0 48 0 0 48 0

4 48 O 48 0 .48 0 48 0 48 O 48 0

5 480 0 48 0 4 0 48 0 O 48

6 48 0 48 0 48 T 48 0 48 0 48 0 48 0 48

7 0 0 0 4 0 48 0 4 O 0 O 0

8 48 0 48 0 48 0 48 0 48 0 480 48 0 48

9 _ O0 4 O 48 O 4 O T O

10 48 0 48 0 48 0 48 0 48 0 48 0 48 0 48

11 480 0 48 0 4 0 48 T 0 O 48

12 0 48 0 48 0 48 0 48 0 48 0 48 0.

13 0 48 0 0 O 48 0 0 48 0

14 0 48 0 48 0 48 0

15 48 0 80 48

FIgure 2-4 Full-core Control Blade Position for QC2BOC13
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1

2

3

4

6

6

7

8

1 2 3 4 5 6 7 8

I0 _I48 TS 4$ 0

480 48 0 4 0 1

48 0 0 1481 0 14

48 0 48 0 0 48 0

0 o- 0 1 4 0 48

-4 0 f48 0 48 10 4810

Figure 2-5 Quarter-core Control Blade Position for QC2BOC1 3
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22. QC2C13CPI10

This startup test was performed within just a few days of the beginning of cycle 13; thus while all of the
fuel has been exposed, the fuel freshly loaded into cycle 13 has quite low exposure.

2.2.1. Correspondence of Fuel Assembly Identifiers

The relationship between the SAS2H fuel assembly Identifiers and BIUNK fuel assembly Indices is shown
In Figures 2-6 and 2-7. Note that again this configuration has been rotated from the southeast quadrant to
the northwest quadrant to accommodate the restrictions of the BLINK software routine. These maps are
different than those shown In §2.1.1 since the fuel assemblies loaded Into cycle 13 are now distinct due to
differences In the accumulated exposure at the location of each fuel assembly.

1 I 2 1 3 1 4 1 5 I 6 1 7 I B I 9 I 10 I 11 1 12 | 13 1 14 | 15
i . _ , , - . - . . . | 94I5: I _:93

5

E4

C5

IA3

cI 3

BI3

w4

B2

D2

A4

De

_ . _ _ . I _ - _ _ .

A2 1 SS AS IAS ID101 D6 IF41 IF71 1IHS
, , , , _ _ _ _ _

Al ICla2 "9 icl] i[HGjs "Hi jWlCSj E5S
_ .

_ C * I eE142 __ _-_

1 SC131 DI Ir IE141 G4I El E3 I GB E
- 4 4 -_. -;_- 4 4 I4 4 -_.. I _ _ I . _ . _ _ .

I Al 1C13 1 A7 1G1 107 1 E9 1 13j.11A I .12 I .13 I E4 I J14

A2 12DI ilEll Fl H2jJ15JH4 1E12HS KI FS
D5OIJDS I67 IFl 5 E714A F9 52 IF2I .15 C

AG ICIIIE141 ES I H21 X I C1 J6 IMIDIJ121 HS n IF6
_ - , , _ , _ _ _ _

AS I AS IjO H 1 4 1 13 JA IFO IJA E131 A I C71 a IC3 I r
11 84 C_ D10 Gl El I1A H4 _E MD A5 C14] FIO GS K4 FS

12 AS C 06 IH E10 J2 E12 F2 J13 C7 IF0 C9 K2 C6 GO

1393 D4 W _B10 E3 _ HS J5 HS JAD GS K2 CIO A1S F3

14 B2 D2 03 CO G2 E4 KI C2 n K4 C JI ES 11

15 A4 D8HBES I E6 J14 F6 H7 F6 K3 F8 G9 F Jt1 C4

NOTE The calculations were performed with fuel assemblies Identified F4 and F7 In locations (13.3) and
(13,4) respectively, as shown (Identified with an asterisk). The actual loading consisted of fuel
assembly F7 In bcation (13,3) and G3 in location (13,4). This discrepancy will only have a small
Impact on the results, and Is addressed as an assumption In the document main body.

Figure 2-6 SAS2H Fuel Assembly Identifiers for QC2C13CP10
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.

. .

I V 1IT= 4I T0I8I I¶ 12 1 13 1 14 1 15
-, -

I 
10

1

-r
-I-
T--

-I-

12
30

10

29

4

_ . _ . 1 1 _ __ -_
2 13 6 4 128 33 "la6 79

- .9- . I orI .~ .* _ _-_ .
I 14 1 35 1 14 CO 65 72 61 27 41

28 32 37 37 39 j 66
S 26 28 1 32 1 37 64 37 37 39 166 42

-I. �- 4-9 4. -- p p *� �.- � - .9 -�I ' 83 64 63
I1 25 J 71 50 74 83 84 855 40 83

2 2 28 71 47 51 73 83 75 37 76 09 6

-1 35 32 - 61 7 L 6

_2 _4 _8 72 94 77 _ _ __
6 24 s0 45 73 8 196 I 14 as 72 94 77 69I 66

64 49 91 27 101
6 a 80 64 74 97 69 I 88 49 g0 27 91 27 1 101

11 12 13 I36 61 37 v3 76 38 31 90 |2751 71 102 60

12 330 832 46 48 2 95 20 60 22 1X 27 71

13 11 31 4 70 39 8 76 87 77 92 68 100 23 83 a

14 10 29 63 21 62 40 99 16 a9 16 102 19 98 44 83

15 4 3 79 41 42 96 65 73 66101 68 69 63 93 1T

' Figure 2-7 BLINK Fuel Assembly Identifiers for QC2C13CP10

222. Dataset, Geometrical and Thermodynamic Input Values

The specific values selected for the FORTRAN NAMELIST portion of Input for this CRC are shown In
Table 2-4. The values for the assignment of fuel assembly geometrical and material lypes and the
underlying latte geometric and material types are consistent with the fuel assembly Indices. The node
lengths for each fuel assembly type are the same as for the QC2BOC13 case (see Table 2-3). As
previously, the fuel assembly spacer grids are omitted from this model.
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Table 2-4 BLINK NAMELIST Input for QC2Cl3CP10 CRC Reactivity Analysis

Variable Value JustificationlReference
CORE DB bwr3 724bundle.dat [a See Attachment 1I for complete description of dataset

CORE MTLS core materials.dat la] See Attachment IIl for complete description of dataset
BLADE DS pe d lattice.dat [al See Attachment V for complete description of dataset

LPREFIX [b] _
FPREFIX fbi
NAXIAL 10 This Is the number of axial nodes used In the SAS2H

________________ _ __________________ depletion calculations.
AFL 368.91 Fuel length Is fixed to be 145.24 Inches (368.91 cm)

NCOLP 15 Maximum dimenslonality of the quarter core In units of
fuel assemblies.

NROWP 15 Maximum dimensionallty of the quarter core In units of
fuel assemblies.

RHO 0.969 This value Is based on lnear extrapolation in
_thermodynamic tables shown In Worksheet 2-2.

RHOBYP 0.969 The moderator density throughout the problem Is
assumed to be uniform, which Is consistent with the
startup conditions when the criticality test Is performed.

TEMPK 355.0 This value corresponds to 179F.
MUTP 8GUTPO [c) A homogenized mixture of materials with an assumed

moderator density of 1.0 gicmrr Is used. The sfight error
In moderator density should have a negligible effect
since this region Is not In the active fuel.

MLTP 8GLTPO [c] A homogenized mixture of materials with an assumed
moderator density of 1.0 g/crne is used. The slight error
in moderator density should have a negligible effect
since this region Is not in the active fuel.

[al. The prefix Is consistent with the loation where the software routine Is executed.
,bJ. This Input is consistentwith oation of FMID's processed forthis analysis.
(c]. See Attachment lil fora complete descripion of this composition.
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Worksheet 2-2 Determination of Density for QC2C13CP1O

Temperature Pressure Vf
(K) la] .(MPa) (mlkg) (gcm3)
273.16 0.0006113 0.001000 1.000000

276 0.000698 0.001000 1.000000
280 0.0009912 0.001000 1.000000
285 0.001388 0.001001 0.999001
290 0.001919 0.001001 0.999001
295 0.00262 0.001002 0.998004
300 0.003536 0.001004 0.996016
305 0.004718 0.001005 0.995025
310 0.00623 0.001007 0.993049
315 0.008143 0.001009 0.991080
320 0.01054 0.001011 0.989120
326 0.01353 0.001013 0.987167
330 0.01721 0.001015 0.985222
335 0.02171 0.001018 0.982318
340 0.02718 0.001021 0.979432
345 0.03377 0.001024 0.976563
350 0.04166 0.001027 0.973710

354.82 0.04926 0.00103 0.97096

[a]. These values are from Steam Tables.
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2.2.3. Control Blade Positions
The control blade positions at which the reactor attained criticallty are shown In Figure 2-8 (Ref. 7.9, p.
618). The blade pattern used In the MCNP analysis Is shown In Figure 2-9 and obtained by the same
averaging scheme described in J2.1.3.

1 2 3 4 6 6 7 8 9 10 11 12 13 14 16
11 48 70 8 . ...l 17 48

2 0 48048 0 480 48

3 0 48 0 0 480 0 48 0

4 0 48 0 48 0 48 0 48 0 48 0 480

5 48 0 4 0 4 0 46 0 48
6 ~~iT - 0 TW~~ 0 16 48 O 48 0 48 O 48 O 48 O 48 O 48 O 48

7 0 0 48 0 4 0 48 0 4 0 48 0 0 O

8 48 0 48 0 48 0 480 48 0 48 0 48 0 48

1 0 T 48 0 4 48 48 4 O 48 0

10 48 48 O 48 O 48 O 48 O 48 O 48 O 4

11 48 O 0§ 48 O 4 O 48 O 0li 48

12 0 48 48 0 48 0 48 0 48 48

13 O 44 48 0

14 0 48 0 48 0 48 0 48 0

15. 4 48

Figure 2-8 Full-core Control Blade Position for QC2C13CP10
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5 I
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Figure 2-9 Quarter-core Control Blade Position for QC2CI3CPI0
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2.3. QC2C13CP11

This startup test was performed about a third of the way through cycle 13. All fuel assemblies have
appreciable exposure.

2.3.1. Correspondence of Fuel Assembly Identifiers

The location of all fuel assemblies are the same as shown In §2.2.1.

2.3.2. Dataset, Geometrical and Thermodynamic Input Values

The specific values selected for the FORTRAN NAMELIST portion of Input for this CRC are shown In
Table 2-5. The values for the assignment of fuel assembly geometrical and material types and the
underlying lattice geometric and material types are consistent with the fuel assembly Indices. The node
lengths for each fuel assembly type are the same as for the QC2BOC13 case (see Table 2-3). As
previously, the fuel assembly spacer grids are omitted from this model.

Table 2-5 BLINK NAMELIST Input for QC2C13CP1I CRC Reactivity Analysis

Variable Value JustificatlonfReference
CORE OB bwr3 724bundle.dat [al See Attachment II for complete description of dataset

CORE MTiLS core materials.dat lal See Attachment Ill for complete description of dataset
BLADE DB ge d lattce.dat [a] See Attachment V for complete description of dataset

LPREFIX Ib]
FPREFIX [bl
NAXIAL 10 This Is the number of axial nodes used In the SAS2H

depletion calculations.
AFL 368.91 Fuel lenath Is fixed to be 14524 Inches (368.91 cm)

NCOLP 15 Maximum dimensionality of the quarter core In units of
fuel assemblies.

NROWP 15 Maximum dimensionality of the quarter core In units of
fuel assemblies.

RHO 0.970 This value Is based on linear extrapolation In
thermodynamic tables shown In Worksheet 2-3.

RHOBYP 0.970 The moderator density throughout the problem Is
assumed to be uniform, which Is consistent with the
startup conditions when the criticality test is performed.

TEMPK 356.0 This value corresponds to 181.1"F.
MUTP 8GUTPO IC) A homogenized mixture of materials with an assumed

moderator density of 1.0 g/cm' Is used. The slight error
In moderator density should have a negligible effect
since this region Is not In the active fuel.

MLTP BGLTPO (ci A homogenized mixture of materials with an assumed
moderator density of 1.0 g/cmO Is used. The slight error
In moderator density should have a negligible effect
since this region is not In the active fuel.

(a). The prefix Is consistent with the location where the software routine Is executed.
[b). This input Is consistentwihk lccation of FMID's processed for this analysis.
[c]. See Attachment ll for a complete description of this composition.
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Worksheet 2-3 Determination of Density for QC2C1 3CP1 I

Temperature Pressure Pf
(K) la] (MPa) (m3lkg) (gcm')

273.16 0.0006113 0.001000 1.000000
276 0.000898 0.001000 1.000000
280 0.0009912 0.001000 1.000000
285 0.001388 0.001001 0.999001
290 0.001919 0.001001 0.999001
295 0.00262 0.001002 0.998004
300 0.003536 0.001004 0.996016
305 0.004718 0.001005 0.995025
310 0.00623 0.001007 0.993049
315 0.008143 0.001009 0.991080
320 0.01054 0.001011 0.989120
325 0.01353 0.001013 0.987167
330 0.01721 0.001015 0.985222
335 0.02171 0.001018 0.982318
340 0.02718 0.001021 0.979432
345 0.03377 0.001024 0.976563
350 0.04166 0.001027 0.973710

355.98 0.05110 0.00103 0.970296

pa]. These values are from Steam Tables.

2.3.3. Control Blade Positions

The control blade positions Et which the reactor attained criticality are shown In Figure 2-10 (Ref. 7.9, p.
619). The blade pattern used In the MCNP analysis Is shown in Figure 2-11 and obtained by the same
averaging scheme described in §2.1.3.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 48 0 8 0 48

2 0 480 48 0 48 0 480

3 0 48 0 0 48 0 0 48 0

4 0 48 0 48 0 48 0 48 0 48 0 480

.5 48 0 0 48 0 4 0 48 0 0 0
6 48 0 48 0 48 0 48 0 48 0 48 0 48 0 48

7 0 8 0 0 4 0 48 0 4 0 0 8 0

8 48 0 48 0 48 0 48 0 48048 48 0 48

9 0 a 0 0 4 T 4 T T4 0 0 8 0

10 48 0 48 0 T 4 0 48 0 48 0 48 0 48

11 48 0 0 4 0 4 0 48 0 0 48 _-

12 0 48 0 48 0 48 0 48 0 48 0 48 0

13 0 48 0 0 48 0 w 0 48 0

14 0 48 0 48 0 48 0 48 0

15 48 0 8 0 48

Figure 2-10 Full-core Control Blade Position for QC2CI3CP1I
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1 2 3 4 5 6 7 8
1 48 0 8

2 0 48 0 48 0

3 0 48 0 V 0 48

4 0 48 0 48 0 48 0

5 48 0 0 48 0 4

6 48 0 48 0 48 0 48 0

7 80 0 4 048

8 48 0 48 0 48 048

Figure 2-11 Quarter-core Control Blade Positon for QC2Cl3CPI1
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2.4. QC2C13CP13
This startup test was performed about bto-thirds of the way through cycle 13. All fuel assembles have
appreciable exposure.

2A.1. Correspondence of Fuel Assembly Identifiers

The location of all fuel assemblies are the same as shown in §2.2.1.

2A4.2. Dataset, Geometrical and Thermodynamic JnputValues

The specific values selected for the FORTRAN NAMEUST portion of input for this CRC are shown in
Table 2-6. The values for the assignment of fuel assembly geometrical and material types and the
underlying lattice geometric and material types are consistent with the fuel assembly indices. The node
lengths for each fuel assembly type are the same as for the QC210C13 case (see Table 2-3). As
previously, the fuel assembly spacer grids are omitted from this model.
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Table 2- BLINK NAMEUST Input for QC2Cl3CP13 CRC Reactivity Analysis
Variable Value JustificatonReference

CORE DB bwr3'724bundle.dat [a] See Attachment II for complete description of dataset
-CORE MTLS core materials.dat [a] See Attachment IIl for complete description of dataset

BLADE DB ne d lattlce.dat lal See Attachment V for complete description of dataset
LPREFIX _b_
FPREFIX Ib]
NAXIAL 10 This Is the number of axial nodes used In the SAS2H

_deletlon calculations.
AFL 368.91 Fuel length Is fixed to be 145.24 Inches (368.91 cm)

NCOLP 15 Maximum dimensionality of the quarter core In units of
.___ _ _fuel assemblies.

NROWP 15 Maximum dimensionality of the quarter core In units of
fuel assemblies.

RHO 0.970 [d] This value Is based on linear extrapolation in
.________________ Uthermodynamic tables shown In Worksheet 2-3.

RHOBYP 0.970 [d] The moderator density throughout the problem Is
assumed to be uniform, which Is consistent with the
startup conditions when the crificalfty test Is performed.

TEMPK 356.0 [dl This value corresponds to i81"F.
MUTP 8GUTPO I[C A homogenized mixture of materials with an assumed

moderator density of 1.0 gfcm3 Is used. The slight error
In moderator density should have a negligible effect
since this region Is not In the active fuel.

MLTP 8GLTPO [c] A homogenized mixture of materials with an assumed
moderator density of 1.0 glce Is used. The slight error
In moderator density should have a negligible effect
since this region Is not In the active fuel.

(a].
[b).
Ed].
[d].

The prefix Is consistent with the location where the software routine is executed.
This Input Is consistent with location of FMID's processed for this analysis.
See Attachment IlIl for a complete description of this composition.
No reactor-averaged temperature Is available for this startup test; therefore the value from
QC2C13CP1I Is used. The data shows relatively little variation In temperature among the startup
tests and the actual temperature should be near this value.
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2A.3. Control Blade Positions
The control blade positions at which the reactor attained criticality are shown In Figure 2-12 (Ref. 7.9, p.
620). The blade pattern used In the MCNP analysis Is shown In Figure 2-13 and obtained by the same
averaging scheme described In §2.1.3.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 ~48 0 0 0 48

2 0 48 0 48 0 480

3 0 48 0 0 0 48 0 0 0 48 0

4 0 48 0 48 0 48 0 48 0 48 0 48 0

5 48 0 0 0 0. 0 0 T 0 0 O 48

6 48 O 48 O 48 ! 48 O 48 O 48 O 48 O 48

.7 0 0 0 0 0 0 0 0 0 0 0 0

8 48 O 48 O48 O 0 48 O 48 O 48

0 O O O 0 0 O O 0 O O

10 48 0 48 0 48 0 48 0 48 0 48 48 0 48

11 48 O 0 0 T O T O O 48

12 O 48 O 48 O 48 O 48 0 48 O 48 0

13 O 48 O O O 48 O O O 48 O

14 48 48 0 48 0 48 0

15 48 O O 0 48

Figure 2-12 Full-core Control Blade Position for QC2CI3CPI3
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Figure 2-13 Quarter-core Control Blade Position for QC2C13CP13



Waste Package Organization Calculation (Attachment)

Title: Creation of MCNP Model for Quad Cities Unit 2 Exposed Core CRC's for Cycle 14
Document Identifier: BOOOOOOOO-01717-0210-00010 REV 01 Attachment XIX Page 1 of 20

CONTENTS

Page

1. Introduction 5

2. Construcfion of MCNP Input Streams

2.1. QC2BOC14
2.2. QC214CP16

5

S
14



Waste Package Organization Calculation (Attachment)

Title: Creation of MCNP Model for Quad Cities Unit 2 Exposed Core CRC's for Cycle 14
Document Identifier. BOOOOOOOO-01717-0210-0O10 REV 01 AttachmentXIX Page 2 of 20

FIGURES

Page

2-1 Processing of SAS2H cut' Files by IDSGEN 6

2-2 SAS2H Fuel Assembly Identifiers for QC2BOC14 7

2-3 BUNK Fuel Assembly Identifiers for QC2BOC14 8

2-4 Full-core Control Blade Position for QC2BOC14 12

2-5 Quarter-core Control Blade Position for QC2BOC14 13

2-6 SAS2H- Fuel Assembly Identifiers for QC2C14CP16 14

2-7 BUNK Fuel Assembly Identifiers for QC2C14CP16 15

2-8 Full-core Control Blade Position for QC2C14CP16 19

2-9 Quarter-core Control Blade Position for QC2C14CP16 20



Waste Package Organization Calculation (Attachment)

Title: Creation of MCNP Model for Quad Cities Unit 2 Exposed Core CRC's for Cycle 14
Docunentldentfier. BOOOOOOO-01717-021l0000l0IREV 01 AttachnmentXIX Page3of 20

TABLES

Page

2-1 Symbolic Names for Critical Test Evaluations

2-2 BLINK NAMELIST Input for BOC14 CRC Reactivity Analysis

2-3 Locations of Nodal Length by SAS2H Fuel Msembly Identifier

2-4 BUNK NAMELIST Input for QC2C14CP16 CRC Reactivity Analysis

5
9

10
17



Waste Package Organization Calculation (Attachment)

Title: Creation of MCNP Model for Quad Cities Unit 2 Exposed Core CRC's for Cycle 14
Document Identifier: BOOOOOOOO-01717-0210-00010 REV 01 Attachment XIX Page 4 of 20

WORKSHEETS

Page

2-1 Deterrnination of Density for QC2BOC14
2-2 Deternination of Density for QC2CI4CPI6

11

18

4



Waste Package Organization Calculation (Attachment)

Title: Creation of MCNP Model for Quad Cities Unit 2 Exposed Core CRC's for Cycle 14
Document Identifier: BOOOOOOOO-01717-0210-00010 REV 01 Attachment XIX Page 5 of 20

1. Introduction
This attachment describes the creation of the MCNP Input streams to.model the startup criticality tests
performed on the Quad Cities Unit 2 core during cycle 14 of that core. Thus It documents the processing
of Fuel Material Intermediate Datasets (FMiD's) from SAS2H "cur files and the preparation of Input to
BUINK. the linkage software routine used to prepare the MCNP Input streams.

2 Construction of MCNP Input Streams
The documentation of this portion of the work consists of three parts:

1) identifying the relationship between BLINK fuel assemblies Indices and the Identifiers used for
the SAS2H generation of the exposed fuel Inventories (Reference 7A);

2) specifying the various datasets used to construct the MCNP input streams and geometrical
and thermodynamic parameters; and

3) defining the control blade positioning.

For cycle 14, two startup criticality tests were performed and each of three areas will be documented for
each of these distinct calculations. The symbolic notation for each of the tests modeled are shown In
Table 2-1.

Table 2-1 Symbolic Names for Critical Test Evaluations

Cycle Exposure Symbolic
(MWd1t Name

0.0 QC2BOC14
4,238.45 QC2C14CP16

2.1. QC2BOC14

This startup test was performed at the beginning of cycle 14 and the reactivity of the core Is determined
not only by the newly loaded fuel but also by the contributions of fuel assemblies loaded as far back as
cycle 10. The cycle 14 core loading used Is shown In Figure 2-2 (Ref. 7.9, p. 25). Note that In this figure
all fresh fuel are similarly Identified, since they are identical at this reactor point

2.1.1. Correspondence of Fuel Assembly Identifiers

The relationship between the SAS2H fuel assembly Identifiers and BLINK fuel assembly Indices Is shown
in Figures 2-2 and 2-3. Note that this configuration has been rotated from the southeast quadrant to the
northwest quadrant to accommodate the restrictions of the BLINK software routine. This correspondence
Is needed to process the SAS2H acut' files Into FMID's, since the location of the depleted fuel Isotopics
from SAS2H are tied to the SAS2H fuel assembly Identifiers and the axial node Index.

The FMID's are created by processing lists of applicable SAS2H -cur files as shown In Figure 2-1. The
SAS2H 'cut files processed In this manner have the following file name nomenclature: AaNn.dat - where
'a' Is the BUNK fuel assembly index and *no Is the axial node index
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Directory of Lattice
Geometry Dataset
Templates

Directory of Applicable
SAS2H "cur Files

Figure 2-1 Processing of SAS2H ccutr Flies by IDSGEN
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4I DIO I 12 DS IFS I E10 IEdI J41 4P8
. _ , _ , _ , . , . . _ . .

CB F91I F2 I EB E3 I AS5I K4 I AI KI IGil
__ l l _ ___ _. .
D7 C11 E jIES I 0 t? 4 L"- -~qJi AIH

_ _
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C8jc1 iI~ DZ R I J~IG 44 LII fMI MlIj Ml 11H101 Ml
CG FS E4 JC6 CG 23 MI G3 1111 G9' lH

D IF2 ES J16 J12 J13tFI01MIIE14 1H9 Ml E J5

Ct21 ES K2 1H4 K3 |F10 | J12 1 MI I HI L1I FS 1 M1 I M8

C131 DOI E3 pIJ41 LiIM I MI I MI I l I MII G71I MI I Fl pI J
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12 D6 F6 EI1 K4 H5 Ml Hi H9 Li G7 J3 G6 Ml G4 G10

13 D8 F3 Ell Jil J6 Ml Go* U1 R Ml Es Ml E7 MI G9

14 D3 El J4 KI GI HI Ml E Ml F1 UM G4 Ml F7 Ml

15 DS E JB 11 H7 ii H2 JS BJ9 H GtO a09 M1 F4

NOTE: The calculations were performed with fuel assembly G9 In locations (13,7) and (7,13), as shown
(Identified with an asterisk). The actual loading consisted of fuel assembly GS in these locations.
This discrepancy will negligibly Impact the results, and Is addressed as an assumption In the
document main body.

Figure 2-2 SAS2H Fuel Assembly Identifiers for QC2BOC14
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Figure 243 BLINK Fuel Assembly Identffiers for QC2BOC14
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2.12. Dataset, Geometrical and Thermodynamic Input Values

These values are those documented In Attachment VI, 03.2. The specific values selected for the
FORTRAN NAMELIST portion of Input for this CRC are shown in Table 2-2. The values for the
assignment of fuel assembly geometrical and material types and the underlying lattice geometric and
material types are consistent with the fuel assembly indices. The node lengths for each fuel assembly
type are shown in Table 2-3. Note that some of these values differ slightly from those In the data source
document for assembly types B, C and D (Reference 7.9, §4.0), since the values used were based on
preliminary information. The actual nodal dimensions for assembly types B through D from the data
source document are those shown for assembly type A In Table 2-3. These differences are small (within
1% for each affected node) and will only have -a small Impact the calculations. Since many of the nodes
are of such great length and the fuel spacers are composed of zircaloy, which Is essentially transparent to
neutrons, the spacer grids are not modeled.

Table 2-2 BUNK NAMELIST Input for 80C14 CRC Reactivity Analysis

Variable Value Justificatlon/Reference
CORE DB bwr3 724bundle.dat [al See Attachment II for complete description of dataset

CORE MTLS core materials.dat [a] See Attachment III for complete description of dataset
BLADE DB pe d lattice.dat lal See Attachment V for complete description of dataset
LPREFIX (b]
FPREFIX fbi
NAXIAL 10 This Is the number of axial nodes used In the SAS2H

depletion calculations.
AFL 368.91 Fuel length Is fixed to be 14524 Inches (368.91 cm)

NCOLP 16 Maximum dimenslonality of the quarter core In units of
fuel assemblies.

NROWP 15 Maximum dimensionality of the quarter core In units of
fuel assemblies.

RHO 0.979 This value Is based on linear extrapolation In
thermodynamic tables shown In Worksheet 2-1.

RHOBYP 0.979 The moderator density throughout the problem Is
assumed to be uniform, which Is consistent with the
startup conditions when the criticality test Is performed.

TEMPK 341.0 This value corresponds to 154.1*F.
MUTP 8GUTPO [C] A homogenized mixture of materials with an assumed

moderator density of 1.0 glc 3 Is used. The sfight error
In moderator density should have a negligible effect
since this region Is not In the active fuel.

MLTP 6GLTP0 [cl A homogenized mixture of materials with an assumed
moderator density of 1.0 gelm Is used. The slight error
In moderator density should have a negligible effect
since this region Is not In the active fuel.

[a]. The prefix Is consistentwih the location where the software routine is executed.
lb]. This input Is consistent with location of FMID's processed for this analysis.

-c]. See Attachment ll for a complete description of this composition.
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Table 2-3 Locatons of Nodal Length by SAS2H Fuel Assembly Identifier
SAS2H Fuel Assemy Idenrifier

Values In Inches
Node A B C D E F G H J K L M

1 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000
2 12.000 12.113 12.113 12.1132.000 12.000 1OI000 12.000 12.000 12.000
3 12.000 12.113 12.113 12.113 12.000 .12.000 12.000 12.000 12.000 12.000 12.000 12.000
4 18.000 18.169 18.169 18.169 18.000 18.000 18.000 18.000 18.000 18.000 18.000 18.000
5 12.000 12.113 12.113 12.113 12.0000 12.000 12.00 12.000 12.000 12.000 12.000 .12.000
6 18.000 18.169 18.169 18.169 18.000 18.000 18.000 00 18.000 I18.000 18.000 18.000
7 18.000 18.169 18.169 18.169 18.000 18.000 18.000 18.000 18.000 18.000 18.000 18.000
8 18.000 18.169 18.169 18.169 18.000 18.00 18.000 18.000 18.000 18.000 18.000 18.000
9 25240 24225 24.225 24225 19.240 19.240 19.240 19.240 19.240 19.240 19.240 19240
10 6.000 6.000 6.000 6.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000

Values In cm
1 15.2400 15.2400 15.2400 15.2400 16.2400 15.2400 16.2400 15.2400 15.2400 15.2400 16.2400 15.2400
2 30.AOO 30.7670 30.7670 30.7670 30.4800 30.4800 30A4OO 30.4800 30.4800 30.4800 30.48s 30.4800
3 30A8OO 30.7670 30.7670 30.7670 30.4800 30.4800 30.4800 30.4800 30.4800 30.4800 30.4800 30.4800
4 45.7200 46.1493 46.1493 46.1493 45.7200 45.7200 45.7200 45.7200 45.7200 45.7200 45.7200 45.7200
s 30.4800 30.7670 30.7670 30.7670 30.4Aoo 30.4800 30.4800 30.4800 30.4800 30.4800 30.4800 30.4800
6 45.7200 46.1493 46.1493 48.1493 45.7200 45.7200 45.7200 45.7200 45.7200 45.7200 45.7200 45.7200
7 45.7200 46.1493 46.1493 46.1493 145.7200 45.720 45.7200 45.7200 45.7200 45.7200 45.7200 45.7200
8 45.7200 46.1493 46.1493 46.1403 45.7200 45.7200 45.7200 45.7200 45.7200 45.7200 45.7200 45.7200
9 64.1096 61.5315 61.5316 61.5315 48.8696 48.8696 48.8696 48.8696 48.8696 48.8696 48.8896 48.8696

10 15.2400 15.2400 152400 15.2400 30.4800 30.4800 30.4800 30.4800 30.4800 30.4800 30.4800 30.4800
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Worksheet 2-1 Determination of Density for QC2BOC14

Temperature Pressure VI
(K) [a] (Mpa) (mfikg) (glem)
273.16 0.0006113 0.001000 1.000000

275 0.000698 0.001000 1.000000
280 0.0009912 0.001000 1.000000
285 0.001388 0.001001 0.999001
290 0.001819 0.001001 0.999001
295 0.00262 0.001002 0.998004
300 0.003536 0.001004 0.996016
305 0.004718 0.001005 0.995025
310 0.00623 0.001007 0.993049
315 0.008143 0.001009 0.991080
320 0.01054 0.001011 0.989120
325 0.01353 0.001013 0.987167
330 0.01721 0.001015 0.985222
335 0.02171 0.001018 0.982318
340 0.02718 0.001021 0.979432

340.98 0.02893 0.00102 0.978874
345 0.03377 0.001024 0.976563
350 0.04166 0.001027 0.973710

[]. These values are from Keenan and Kayes Steam
Tables (Reference 7.16, hereafter cited as "Steam
Tables").
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2.1.3. Control Blade Positions

The control blade positions at which the reactor attained criticality are shown in Figure 2-4 (Ref. 7.9, p.
620). Since the core Is modeled In quarter-core symmetry, the control blade pattern Is obtained from the
full-core pattern by averaging the symmetric locations. While this alters the neutron flux In the vicinity of
the blades so that it is not consistent with flux distribution In any of the four locations, It is approximately
correct In an Integral sense Inasmuch as the number of nodes covered by control blades Is conserved.
The blade pattern used In the MCNP analysis is shown In Figure 2-5.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
_ . _ . _ .

1 0 0 0 1 0 0
_ , . ,

. . . _

2 0 48 0 lo 0 ° 01481 0
-1-4-4. 4 � 14 4.4 4.

.3

4

6

6

7

8

9

10

11

12

13

14

0 10 0 0 0 0 1 0 1 0 10 10
0 148 48 0 48 0 48 1 0 48 0 48 0

0 0 10 0 0 0 O O O 0 1 0 1010
48 0 48 0 4B 0 48 O 48 0 48 0 48 0 48

0 0 T 00 000 0 0 0 0

0 048 0 0 480 480 0 0 48 0 0

0 0 0 0 0 T 0 0 0 0

48 048 0 4 480 480 48T 48 0 48

0 01010101010 1 0 1 0 1 0 ala
0 1 48 1 0 1 48 1 0 1 48 1 0 1 48 1 0 1 48 1 0 1 48 1 0

0 0 0 1 0 1 0 101010 0] 0

0 148 0 N 0 g 0 48 0
_ _ _ __ _ _ _ __

15 0 1 0 1010 0

Figure 2-4 Full-core Control Blade Position for QC2BOC14
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Figure 2-5 Quarter-core Control Blade Position for QC2BOC14
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22. QC214CP16
This startup test was performed at about the middle of cycle 14; thus while all of the fuel has appreciable
exposure.

2.2.1. Correspondence of Fuel Assembly Identiflers
The relationship between fte SAS2H fuel assembly Identifiers and BUNK fuel assembly Indices is shown
In Figures 2-6 and 2-7. Note that again this configuration has been rotated from the southeast quadrant to
the northwest quadrant to accommodate the restrictions of the BUNK software routine. These maps are
different than those shown In §2.1.1 since the fuel assemblies loaded Into cycle 14 are now distinct due to
differences In the accumulated exposure at the location of each fuel assembly.

I I 1 2 1 3 1 4 1 5 1 6 1 7 | 8 9 1 10 11 12 13 14 15
I C14 D6 0D3 DS

2 C13 D4 FS F3 El E2

3 C4 D10|C12 Dg F6 E10 E12 .1

4 C8 F9 F2 ES E3 J K4 J11 KI Gil

D7 CII E4 ES K2 J14 J1 5 J. GS H7

6 TII 02 J7 J16 H4 L2 M13 M1M10H M2

7
T

To

CS F9 E~J 1t I'2] K31 ' 1 03 HI1 Joe. I M Hj
5~ F ES IJ.I6I I J3I F10OIM151 E141 H9 Mg 1 5

IC12I ESI K2 H 1 411 IF10JA2 1MI4 1 M I LiI FS I5Hs

C13 D I-I E3 J141 L2I7MIGIM15IM141Ell IM121 07 IM8 I l

11 C- D4 S I M13 G3 E14 H6M12 G2 J3 E13M4 H3

12 D6 FS EIO K4 HS M11 HI Hs Li G7 13 06 M7 G4 010

13 DS F3 EH2J11I 1 M10 G* M9 F8 MS ES MT E7 M3 G9

14 D3 El KI 01 G IA Ms E9 MIS F1 M4 4 M3 F M

16 DS E2 J8 G11 H7 M2 Ml2 J6 H8 .J9 H3G10G9 M1 F4

NOTE. The calculations were performed with fuel assembly G9 hi locations (13.7) and (7,13), as shown
(Identified wvth an asterisk). The actual loading consisted of fuel assembly G8 In tiese locations.
This discrepancy will negligibly Impact the results, and Is addressed as an assumpton In the
document main body.

Figure 2-6 SAS2H Fuel Assembly Identifiers for QC2C14CP16
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FIgure 2-7 BUNK Fuel Assembly Identifiers for QC2C14CP16
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2.2.2. Dataset, Geometrical and Thermodynamic Input Values
The specific values selected for the FORTRAN NAMELIST portion of Input for this CRC are shown In
Table 2-4. The values for the assignment of fuel assembly geometrical and material types and the
underlying lattice geometric and material types are consistent with the fuel assembly Indices. The node
lengths for each fuel assembly type are the same as for the QC2BOC14 case (see Table 2-3). As
previously, the fuel assembly spacer grids are omitted from this model.
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Table 2-4 BUNK NAMELIST Input for QC2C14CP16 CRC Reacffvity Analysis

Variable Value Justification/Reference
CORE DB bwr3 724bundle.dat [el See Attachment II for complete description of dataset

CORE ITLS core materlals.dat La= See Attachment Ill for complete description of dataset
BLADE DB ge d lattlce.dat [a] See Attachment V for complete description of dataset

LPREFIX [bi
FPREFIX IbI X
NAXIALI 0 This Is the number of axial nodes used In the SAS2H

depletion calculations.
AFL 368.91 Fuel length Is fixed to be 145.24 Inches (368.91 cm)

NCOLP 15 Maxdmum dimensionality of the quarter core in units of
fuel assemblies.

NROWP 15 Maximum dimenslonality of the quarter core In units of
fuel assemblies.

RHO 0.974 This value Is based on linear extrapolation In
.______________ thermodynamic tables shown In Worksheet 2-2.

RHOBYP 0.974 The moderator density throughout the problem Is
assumed to be uniform, which Is consistent with the
startup conditions when the criticality test Is performed.

TEMPK 349.0 This value corresponds to 168.56F.
MUTP SGUTPO [cl A homogenized mbcture of materials with an assumed

moderator density of 1.0 glor? Is used; The slight error
In moderator density should have a negligible effect
since this region Is not In the active fuel.

MLTP 8GLTPO [c] A homogenized mixture of materials with an assumed
moderator density of 1.0 glcor 3 Is used. The slight error
In moderator density should have a negligible effect
since this region Is not In the active fuel.

la].
Db].
ICi.

The prefix Is consistent with the location where the software routine is executed.
This Input Is consistent with location of FMID's processed for this analysis.
See Attachment lIl for a complete description of this composition.
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Worksheet 2-2 Determination of Density for QC2C14CP16

Temperature Pressure VfPt
(K) [a) (Mpa) (mOkg) (g1cm)

273.16 0.0006113 0.001000 1.00oooo
275 0.000698 0.001000 1.000000
280 0.0009912 0.001000 1.000000
285 0.001388 0.001001 0.999001
290 0.001919 0.001001 0.999001
295 0.00262 0.001002 0.998004
300 0.003536 0.001004 0.996016
305 0.004718 0.001005 0.995025
310 0.00623 0.001007 0.993049
315 0.008143 0.001009 0.991080
320 0.01054 0.001011 0.989120
325 0.01353 0.001013 0.987167
330 0.01721 0.001016 0.985222
335 0.02171 0.001018 0.982318
340 0.02718 0.001021 0.979432
345 0.03377 0.001024 0.976563

348.98 0.04006 0.00103 0.974290
350 0.04166 0.001027 0.973710

[a]. These values are ftom Stream Tables.
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2.2.3. Control Blade Positions
The control blade positions at which the reactor attained criticality are shown In Figure 2-8 (Ref. 7.9, p.
621). The blade pattern used In the MCNP analysis Is shown In Figure 2-9 and obtained by the same
averaging scheme described In §2.1.3.

1 2 3 4 6 6 7 8 9 10 11 12 13 14 15
I 8 O O O 81
2 0 48 ° 48 O 48 O 48 0

3 O 8 O O O 4 O O O 8 0

4 0 48 0 48- 0 48 0 48 0 48 0 48 T
6 4 O O O 8 O O O a O O

6 480O 480O 48O0 48 0 48 0 48 0 48 0 48

7 0 O0 0 0 0 0 4 0 0 0 0 0 O

8 48 048 48 04 480 48 0 48 0 48

9 0 0 0 0 O O 4 O 0 0 0 0 O

10 48 O 48 O 48 O 48 O 48 O 48 0 48 O 48

11 4 O O O 8 O O O a O O O 4

12 0 48 0 48 0 48 0 48 0 48 0 48 0

13 0 8 0 4 0 0 0 0 8 0

14 48 48 0 48 0 48

15 8 O O O 8

Figure 2-8 Full-core Control Blade Position for QC2C14CP16
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Figure 2-9 Quarter-core Control Blade Position for QC2C14CP16
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1. Introduction

This attachment contains listings of the FORTRAN routines and C functions that changed creating ver-
sion 1 of the BLINK software routine. As noted In Attachment XVII, not all the software routine compo-
nents have necessarily changed, but may have been re-complied In the creation of Version 1. The fist-
Ings are divided by functional block as In the description of the software routine given In Attachment XVII
and Table 1-1 gives the sections In which the listing for each functional block are located.

Table 1-1 Location of Listings for Each Functional Block

Section Contents
2.1 Main Function
2.2 ServIce Routines
2.3 Input Routines
2.4 Input Editing Routines
2.5 Deck Generation Routines
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2. Routines for BLINK, Version 1

2.1. Main Routine
/*

- - Load Library Header Files
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - */

#include
#include
#include
#include
#include
#include

<stdio.h>
cstring.h>
ctime.h>
<malloc.h>
<stdlib.h>
cerrno.h>

/* - - - - - - - - - - - - - -

- - Global Type Definitions - - - - - - - - - - - - - - - - - - -

- - Character Variables:
- - ascii string - corresponds to record lengths for input files
- - ascii record - linked list structure for loading contents of
- - ascii file into memory
- - amaterial - linked list structure for material database

*/
typedef
typedef

char ascii string[133];
struct asciirecord{

struct ascii record *last;
ascii string line;
struct ascii record -next;
Ja record;

typedef struct s-mate

typedef struct u list

typedef struct su li6

erial(
struct a material *last;
lnt atomic-number;
int mass number;
float weight yercentage;
char library suffix(5];
struct a material *next;

) 11_material;

struct u list *last;
int index;
ascii string label;
struct u list *next;

} usagelist;

st
struct su list *last;
int index;
ascii string label;
ascii string value;
char mnemonic[4];
ascii string equivalent label;
struct au-list *next;
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} surface usage-list;

typedef struct fuel geometrya
ascii string gds _name;
int latdim;
int nwr;
float cthick;
float asin;
float wgap;
float ngap;
float cradius;
float fsrd;
float cfsrd;
float rpitch;
float cod;
float cld;
float pod;
float wrod;
float wrth;
char frcmatt6];
char fcmat(6];
fg list;

typedef struct all{
struct all *last;
int basis lattice material index;
int lattice material-index;
struct all *next;
} augmented latticelist;
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Functio~n Prototypes
- - - - - - - - I -

memory :
memorv

memory ascii

corec
c]

k

Li:

I,

re

abort - controls program termination due to error
detection

echo - copies input card images to output file
leader - controls pagination for linkage code output
lines - tracks line numbers on current output page
teger - manages memory requests for integer storage
float - manages memory requests for single-precision

real storage
;t

Ed

-ring - manages
adin - FORTRAN
Maps - FORTRAN

loading
lattice

ldlv - FORTRAN

memory requests for character storage
routine to read input instructions
routine to read two-dimensional core
maps and one dimensional fuel assembly
assignment vectors
routine to read vectors of lattice

index assignments to assembly indices
Etclose - FORTRAN routine to close logical unit
editin - prints summary of input variables and options

lb edit - edits contents of core geometry dataset
Lattice - FORTRAN function that determines the number

of unique lattices in the core
strngr - FORTRAN routine to read dataset names from

FORTRAN logical unit
re-mtls - loads contents of core materials database

into memory
record - manages memory for ascii record structures
oration - generates input representations for core

structural components
ccmgen - FORTRAN routine to determine and map the

number of unique control cells

load cow

memoryasscii
vessel-sene

- - core lattice_generation -

- - generat

- - copyoasci

- - echo-MCO

- -discardscratc

generate control cell lattice
.e deck. - manages the assembly of the MCNP

from the segment scratch files
.i_file - copies scratch segement files to

deck file
WPdeck - echos the contents of the MCNP i$

output
:hfile - creates sub-process and issues ca

delete file
memsum - summarize dynamic memory usage

input deck

MOCNP input

riput deck to

xmmand to

void abort{);
void header();
void lineso;
void echo(char fl,char 11);
int *memory-integer (int,intint *);
float *memory float(intintfloat *);
ascii string *memory ascii string(int,int,ascii string *);
void readin(char(l,int *,charfl,int *,int *,int *,float *,int *

,int *,int *,int *,float *,float *,float *,float *,float *,float *
,float *,float *,float *,char *,char *,char U],char *.char *
,char *,char *,char *,char *,int *,char[],char[],float *
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,float * ,float *,float *,float *);
void redmaps(int *,int *,int *,int *,int *,int *,int *,-int *,int *

,int *,int *,int *,iint *,int *,int *,int *,int *,int *, int *
,int *);

void redlatslint *, int *, int*, it *);
void ldlv(int *,int *,int *,int *);
void ldlvr(int *,int *,int *,float *);
void nladd(int, ascii string *);
void ftclose(int *);
void rblade(int *,char[1,int *,int *,float *,float *,float *,float *

,float *,float *,float *,float *,int *,float *,float *,charl],chart]
,char[l ,chart ));

void rlattice(int *,charfl,int *,float *,float *,float *,float *
,float *,float *,float *,float *,float *, float *,float*,chartl
,chartint *,int *,float *,float *);

fg _ list *memory fsglist(int,int,fg list *);
void lodct(int *,int *,int *,int *,int *,int *,int *,int *,int *

,int *);
void editin(charfl,char [],char [l,int,int,float,int,int,int,int,int
,int,int *,int *,int *, int *,int *,int,int,ascii string *
,ascii string *,char t] ,int,charfl ,float,float,float,chart] ,chartl);

void coredb.edt (int, int, int,int, float, float, float, float, float, float
,floatfloat,float,int *,char (),char [),char (],char (]
,char tl,float, float);

void bladedb edt (int, float, float, float, float, float,.float, float, float
,int,float,float,chart] ,chartl ,chartl ,chart]);

void fgds edt (int, char t], asci string *, fg list *);
void edit axial nodes(int,int *,float *);
void edit ct(int,int *p);
$nt clattice(int *, int *,int *,int *,int *);
void strngr(int *,int *,int *,ascii string *);
a record *load core.mtls(chart],int);
a-record *memoryascii record(int,a record *);
usage list *memory usage list(int,usage list *);
surface usagelist *memory surfaceusagelist (int

surface usage list *);
void vessel-generation (float, float, float, float, float, float, float, float

,float,FILE *,FILE *,FILE *,int *,int *,int *,a-record *,chart]
,charfl ,chartl ,charfl ,char[] ,char(l] ,int,surface usagelist *

,usage list **,float,float);
void ccmgen(int *,int *,int *,int *,int *,int *,int *,int *

,int *,int *,int *,int *,int *,int *,fint *);
void build control blade (int, float, float, float, float, float, float

float,float,int,float,float,char[l ,charll ,charl [,charl ,usage list *
,surface-usage-list *,a record *,FILE *,FILE *,FILE *,int *,int *
,float,int *,int *,int *,int *);

void generate deck(FILE *,FILE *,FILE *,FILE *);
void copy ascii file(FILE *,FILE *);
void echo MCNP deck(FILE *);
void discard scratch file(char tl);
void memsum();
int mchar(int *,char t]);
11 material *load fuel material(int *,chartl,charl],int,int **,float **);
votd generate lattice model(int *,int *,FILE *,FILE *,FILE *

,surface-usage list *,usagelist *,int *,fg_list *,ascii string *
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,int,chartl,floatfloat,int *,a record *,int *,int *,charll,int *);
void build assemblies(int *,int *,FILE *,FILE *,surface usagelist *
,int **,int,int *,int,int *,int *,int *,float *,int *,int *,int,int);

usage list *load usage list(char[(Jint,usage list *)
void build control cells(int *,int *,int,int,int *,int *,int,FILE *,FILE *

,float,surface usage list *,float,int,float,float,charil,usage list *
,a-record *,int *,int *,FILE *,float,float,float,int,int *,int *);

void core lattice generation(int *,int *,float,float,surface usagelist *
,usage list *,int *,inttintFILE *,FILE *,int,int *,float);

void sourcespecification(int,float,int,int,FILE *,int,int,int *,int *
,float,float,int,int,int,int,int,float);

void edit universes(int,int,int *,int *,int,int,int,int,int,int,int *
,int *);

void editsurfaces(surface usage list *);
void editmaterials(usage list *);
void skiprectint *,int *);
void edit-spacer(int,int *,float *,ascii string *);
void spacer location(int,int *,float *,int *,int *,float *);
augmented lattice list *memorylattice list(int
,augmented lattice list *);

void augmentlattice list(int *,int *,int *,intint,int,int,int,int *

,int *,augmented lattice list *,int *);
11 material *material match (a record *,chart],float *,int *);
void rollupllm(ll material *);
void fmids check(ascii string *,charolint);

/- -o -- - - - - - - - - - -
- - Global Variables - - - - - - - - - - - - - - - - - - - - - - - - -

- Integer variables
nline

version
storage_i
storage-r
storagec

storageit
storagert
storagect

cdate
crtime

pid

number of lines on current output page
version
current
current
current
maximum
maximum
maximum
date of
time of
process

number of code
integer storage requested (bytes)
real storage requested (bytes)
character storage requested (bytes)
integer storage requested (bytes)
real storage requested (bytes)
character storage requested (bytes)
code execution
code execution
identifier for code execution

short nline * 0, version - 1;
int storagei a 0, storager - 0, storageit - 0, storage rt * 0,

storagec - 0, storagect * 0;
int long pid;

/* - Character Variables */
char modificationlevel -
char codenm(SJ - NELfnM";
char cdate[9] - {NULL);
char crtime(93 a {NULL);
ascii string case title;

/* - FILE Pointers */
FILE *nout;
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void

_' _

main~int argc, char *argvE]) {

* B L I N K * Creates MCNP Input Decks for Modeling of
Commercial Reactor Critical "Experiments"
(CRC) with Fuel Constituent Number Densities
from SAS2H Analyses

Command Line Arguments():
prefix - Prefix for Names of Input and Output Files

Modification Log:
Version Mod Description

0 - Initial Release
1 - Added: Variable Noding by Geometrical Fuel Assembly

Type

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable s)
- - nin - FORTRAN logical unit number for input file
- - lucgeom - FORTRAN logical unit number for core geometry dataset
- - file

length fin
naxial
nrow
ncol

nrowp
ncolp
nrowb

length
number
number
number
number
number
number

of
of
of
of
of
of
of

input file name
axial nodes in fuel assemblies
rows in core map for the whole core
columns in core map for the whole core
rows in core map in problem
columns in the core map in the problem
control blade location rows for the whole

r
n3

core
ncolb - number of control blade location columns for the

whole core
nrowbp - number of control blade rows in the problem
ncolbp - number of control blade columnes in the problem
Lbundlg - number of unique fuel assemblies geometrical indices
xbundlm - number of unique fuel assemblies material indices
Latticg - number of unique fuel lattice geometrical indices
Latticm - number of unique fuel lattice material indices

naxpl - naxial+l
valid - map of valid fuel locations in core (dynamic)

gmap - map of fuel assembly geometrical indices (dynamic)
mmap - map of fuel assembly geometrical indices (dynamic)

lgvect - vector for lattice geometrical assignment to fuel
lattices

lmvect - vector for lattice material assigment to fuel
lattices

validb - map of valid control blade locations in core (dynamic)
bladep - map of control blade axial positions (dynamic)
)reloc - map of locations of incore instrumentation locations

(dynamic)
lt - scratch integer array used for input processing

(dynamic)
nsrck - nominal source size per cycle in MCNP

ikz - number of cycles to be skipped before beginning tally

incc
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ns'
nmal

accumulation in MCNP
kct - number of cycles to be performed in MCNP

ncell - counter for number of cells generated for non-trans-
lated cells (this begins a 2001 to give headroom
for indexing of cells that must be translated)

irface - counter for number of surfaces generated
:erial - counter for number of materials generated
:ore f - fraction of core in problem

(1 - full, 2 - half, 4 - quarter)
Lverse - number of universes in problem
irowcc - number of rows in control cell map
icolcc - number of columns in control cell map
cemap - pointer to map of unique control cells
ntube - number of absorber tubes in control blade
ncs - number of central stiffeners in control blade wing

nun!

- - ptr correspondence table
- - - pointer to table containing array giving correspondence
- - between fuel geometry indices and fuel material indices
- - ptr ufl - pointer to vector of universe indices corresponding to
- - the lattice models created for each unique lattice type
- - ptr ufa - pointer to vector of universe indices corresponding to
- - the fuel assembly models created for each unique
- - fuel assembly type
- - ucb - universe of control blade
- - fau fill - pointer to array containing fuel assembly assignments
- - to control cells
- - ndm - periodicity for dumps to TPE file
- - mct - flag for creating MCTAL file
- - (0 - no file, c< 0 - create file)
- - ndmp - maximum number of dumps
- - otr n spacer

- ptr-spacerjr

- pointer to vector containing number of spacers for
each fuel assembly geometrical type

iode
- - - pointer to array containing the axial node locations
- - for each fuel assembly geometrical type
- - total.spacer locations
- - - total number of spacer locations in geometrically
- - unique fuel assemblies
- - nlatticm ref
- - - number of lattice material indices before addition of
- - indices for spacer grid treatment
- - ncell tr - cell indicies for translated cells
- - ptr n node - pointer to vector containing number of axial nodes
- - per unique fuel assembly geometrical type
- - total node boundaries
- - - total number of node boundaries in fuel assemblies

*/
int nin * 5, lucgeom - 1, nsrck * 10000, ikz * 10, kct * 310;
int ndm - 5, met a 1, ndmp = 2;
int ncell = 2000, nsurface - 0, nmaterial * 0, coref * 4;
int nuniverse - 0, ncell tr - 0;
int ntube - 0, ncs . 0, ucb, nlatticm ref;
int nrowcc, ncolcc, totalspacerlocations * 0;
int length fin * 132;
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int naxial, nrow, ncol, nrowp, ncolp, nrowb, ncolb, nrowbp, n
, nbundlg, nbundlm, nlattiCg, nlatticm,naxpl;

int *valid, *gmap, *mmap, *lgvect, *lmvect, *validb, *bladep,

int *ccmap, *ptr_n_spacer, *ptr spacer node;
int *ptrnnode;
int *ptr correspondence table, *ptrufl, *ptr ufa, *faujfill;
int total node boundaries - 0;

/*- Float Variable (a)
- - afl - active fuel length
- - apitch - fuel assembly pitch
- - sod - shroud outer radius
- - sthick - shroud thickness
- - vod - pressure vessel outer radius
- - vthick - pressure vessle thickness
- - tutpr - Top of Upper Tie Plate Region
- - tcgr - Top of Core Grid Region
- - bltpr - Bottom of Lower Tie Plate Region
- - bcpr - Bottom of Core Plate Region
- - rckk - initial guess for eigenvalue in MCNP
- - bypass-density - bypass water density
- - inchannel density - in-channel water density

colbp

*incore loc

blade_window offs4

cbspan
atid
atod

cbthick
trspan

trthick
cblength
wathick

csoff
cawidth

dtod
dtid

cbstroke
rho

rhobyp
tempk

ptrspacer locatic

et
- sizing of windows for control blades
and fuel assemblies in control cell
template

- control blade span
- blade absorber tube inner diameter (cm)
- blade absorber tube outer diameter (cm)
- blade wing thickness (cm)
- blade tie rod span (cm)
- blade tie rod thickness (cm)
- blade active absorber length (cm)
- blade wing thickness (cm)
- blade central stiffener offset (cm)
- blade central stiffener width 4cm)
- incore guide tube outer diameter (cm)
- incore guide tube inner diameter (cm)
- control blade stroke (cm)
- input in-channel density value (g/cc)
- input bypass density value (g/cc)
- input problem temperature (Kelvins)
n
- pointer to array containing spacer
axial location (w/r/t Bottom of Active
Fuel)

t8
- pointer to array containing tops of

axial nodes for each geometrically
unique fuel assembly type

- - ptr nodeboundarie

*1
float afl, apitch, sod, sthick, vod, vthick, tutpr, tcgr. bltpr
, bcpr, dtod, dtid, rho - 0.0, rhobyp * 0.0, tempk a 293.15;
float cbspan - 0.0, atid . 0.0, atod . 0.0, cbthick - 0.0

,trspan 0.0, trthick * 0.0, cblength * 0.0, wsthick a 0.0
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,csoff - 0.0, cswidth a 0.0, cbstroke - 365.76;
float rkk , 1.o, bypass density - 1.0, inchannel-density - 1.0;
float blade window offset * 0.40;
float *ptrspacer location, *ptrjnode boundaries;

/* - Character Variables
fin
fout

inname
prefix

coredb
lprefix
fprefix
lgdsnam

lmdsnam

cell file
surfacefile

materialfile
MCNP file
core mtls
mvessel
mshroud

mtg
mcp

mutp
mltp
migt

blade db
cbpmat
.atmat
cbsmat

cbtrmat

- name for input file
- name for output file
- FORTRAN NAMELIST on input file
- prefix for names of input and output files
- name.of core geometry database file
- prefix for lattice geometry database
- prefix for fuel material intermediate database
- pointer to names of datasets for unique geometrical

lattice types
- pointer to names of datasets for unique geometrical

lattice types
- name for scratch file for cell definitions
- name for scratch file for surface definitions
- name for scratch file for material definitions
- name for MCNP input file
-. name of core materials database file
- vessel material identifier
- core shroud material identifier
- core top guide region material identifier
- core plate region material identifier
- upper tie plate region material identifier
- lower tie plate region material identifier
- incore guide tube material identifier
- dataset containing blade geometry for problem
- identifier for blade poison material
- identifier for absorber tube poison material
- identifier for blade sheath material
- identifier for blade tie rod material

- - ptrspacer material
- - - pointer to vector containing alphanumeric
- - identifiers for each fuel assembly spacer
- - material mnemonic

char fin[133], fout[1331;
char inname18J * ULINKIN";
char prefix(1331, core dbC1331, lprefix(1331, fprefix(1331

cellfile(1331, surface file(133], material file(1331
,MCNPfile[1331, core mtls(1331, blade db[1333;

char mshroudt63, mvesselt6], mtgC6J, mcpl63, mutp[61, mltp[61
, migt[61;

char cbpmat(63, atmat[61, cbsmat(63, cbtrmat(6];
ascii string *lgdsnam, *lmdsnam, *ptr spacermaterial;

/* - file pointers
- - lmcnp - file for MCNP Input Deck
- - lu8 - scratch file for MCNP card images for cell definitions
- - lu9 - scratch file for MCNP card images for surface definitions
-- - lulO - scratch file for MCNP card images for material defini-

tions

FILE *lmcnp, *luS, *lu9, *lulO;
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/*- Structured Variable(s)
- - ptr-core mtls - pointer to first record of linked list for con-

ten;ts
of core materials dataset

- - ptr-surface usage - pointer to first record of linked list for
- - surface labels and indices
- - ptr-material usage - pointer to first record of linked list for
- - material labels and indices
- - ptr lgds - pointer to lattice geometry datasets
- - additional lattices - material lattice indices for lattices added for
- -. spacer grid treatment

*/
a record *ptr core mtls;
usagelist *ptrmaterial_usage;
surface_usage list *ptr surface usage;
fglist *ptr lg.ds;
augmented lattice list *additional lattices;

/* - initialize global variables not explicitly initialized elsewhere */
/* - verify presence of prefix for input and output file names, if found

- - construct files names - - - - - - - - - - - - - - - - - - - - -
if(argc < 2) {
puts("No file prefix available from command line -- abort\n");
return;)

else (
strcpy(prefix,argv[1])j
strcpy(fin,prefix);
strcat(fin,".inp");
strcpy(fout,prefix);
strcat(fout,*.out");

)
/* - open input and output files for processing *1
{ FILE *inp;
inp - fopen(fin,"r");
if(linp) {
puts("Input file cannot be opened\n");
return;)

fclose (inp);

nout , fopen(fout,Ow);
headero);

/* - echo input stream to output stream */
echoinname,fin);

/* - Process Input Directives - - - - - - - - - - - - - - - - - - -*
/* - Read Namelists */
readin(fin,&length fin,core db,&nin,&lucgeom,&naxial,&afl,&nrow
,&ncol,&nrowp,&ncolp,&apitch,&sod,&sthick,&vod,&vthick
,&tutpr,&tcgr, bltpr, bcpr,lprefix,fprefix,core mtls,mvessel
,mshroud,mtg,mcp,mutp,mltp,&core f,blade db,migt,&dtod,&dtid
,&rho,,&rhobyp,&tempk);

/* - Set interal variables for in-channel and bypass water densities */
if(rho In 0.0) inchannel density - rho;
if(rhobyp I- 0)
bypass density - rhobyp;

else
if(rho I- 0)
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bypassfdensity * rho;
/* - Allocate Memory for Arrays */

nrow%2?(nrowb * nrow/2+1):(nrowb a nrow/2);
ncol%2?(ncolb - ncolJ2+1):(ncolb - ncol/2);
nrowp%2?(nrowbp . nrowp/2+1):(nrowbp - nrowp/2);
ncolp%2?(ncolbp * ncolp/2+1):(ncolbp a ncolp/2);
valid * memory integer(1,(nrow*ncol),valid);
gmap = memory integer(1,(nrowp*ncolp),gmap);
*mmnap * memory integer(i,(nrowp*ncolp),mmap);
validb * memory integer(l,(nrowb*ncolb),validb);
bladep * memory integerCL, (nrowbp*ncolbp),bladep);
incoreloc . memory integer(l,(nrowb*ncolb),incoreloc);
It . memorylinteger(l,(nrowp*ncolp),lt);

/*- Read Arrays from Input and Core Geometry File */
{ int maxb;
maxb - nrowp*ncolp;
redmaps &(in, lucgeom,&nrow,&ncol,&nrowp,&ncolp,validgmap.validb
,bladep,&nbundlg,&maxb,lt,&nrowb,&ncolb,&nrowbp,&ncolbp
,incore loc,mmap,&nbundlm);

/*- Return Scratch Memory and Arrays that are No Longer Needed - - */
valid * memory integer(-l, (nrow*ncol),valid);
validb - memory integer(-1,(nrowb*ncolb),validb);
It a memory integer(-1,(nrowp*ncolp) ,lt);

/* - Read Lattice Assignments to Fuel Types - - - - - - - - -- - -*
naxpi - naxial+l;
lgvect a memoryinteger(l,(naxpl*nbundlg),lgvect);
idlv(&nbundlg,&naxpl, nin,lgvect);
lmvect a memory integer(l,(naxpl*nbundlm),lmvect);
ldlv(&nbundlm,&naxpl, nin,lmvect);

/* - Determine the Number of Unique Lattices */
int max;
max - naxpl*nbundlg;
It a memory-integertl,max,lt);
nlatticg , (int) clattice(&naxpl,Lnbundlg,&max,lgvect,lt);
It - memory integer(-l,max,lt);
max - naxpl*nbundlm;
it * memoryxinteger(l,max,lt);
nlatticm a (int) clattice(&naxpl,&nbundlm,&max,lmvect,'it);
It a memory integer(-l,max,lt);

/* - Read Names of Datasets for Unique Lattice Geometrical and - - -
- - Material Indices */
/* - Dataset Names are Limited to 132 Characters */

Igdsnam * memory ascii stringf1,(nlatticg),lgdsnam);
imdsnam * memory-ascii string(1,(nlatticm),lmdsnam);

/* - Dataset Names for Fuel Geometries */
{ int len = 133;

strngr(&nin,&len,&nlattieg,lgdsnam);
/* - Dataset Names for Fuel Material Intermediate Datasets */

strngr(&nin,&len, nlatticm,lmdsnam);

/* - Tops of Axial Nodes - - - - - - - - - - - - - - - - - - - -*
/* - Read Number of Axial Nodes for each Fuel Assembly */

{ int one * 1;
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ptr n node * memory integer (1, ubundlg, ptrnnode);
ldlv (&oone, nbundlg,&nin,ptr nnode);

{ short int i;
int *ptr n - ptryn node;
for(i - l;i <a nbundlg;i++)(
totalnodeboundaries +- *ptr n;
ptrPn++;)

/* - Read Nodal Boundaries */
int one - 1;
ptr node-boundaries a memoryfloat(l,total node boundaries
,ptr node boundaries);

ldlvr (&one, &total node boundaries,&nin,ptr node boundaries);

/*- Spacer Information - - - - - - - - - - - - - - - - - - - -
{ short int i;
*int one - 1;

/* - Read Number of Spacers for Each Fuel Assembly Geometrical
- Type */
ptr n spacer - memory .nteger(l,nbundlg,ptr-n spacer);
ldlv(&one, &nbundlg, &nin,ptr n spacer);

*. - Compute Total Number of Spacers in Problem */
{ short int i;
int *ptr a ptrn aspacer;

* for(i * l;i c- nbundlg;i++)(
total spacer locations +- *ptr;
ptr++;)

/* - Read in Spacer Locations and Material Mnemonic for each Fuel
- - Assembly Geometrical Type */

if(total spacerlocations I- 0){
ptr spacer location - memory float(l,totalspacerlocations
,ptrspacerlocation);

ptr spacer material - memory ascii string(2,nbundlg
,ptr spacer material);
ldlvr(Sone,&totalspacer locations,&nin,ptr spacer location);
{ short int i;
lnt len - 133;
strngr (nin,&len, nbundlg,ptr spacer material);

/* - Load Contents of Fuel Geometry Datasets - - - - - - - - - - -*
/* - Allocate Memory */
ptr.lg_ds - memory fg list(1,nlatticgptrlgds);
{ short int i;
int latdim, nwr;
float cthick, asin, wgap, ngap, cradius, fsrd, cfsrd, rpitch
,cod, cld, pod, wrod, wrth;

char frcmatC71, fcmat[71;
ascii string *as w lgdsnam, fn;
fglist *p;
p - ptr-lg ds;

int len-132, length;
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length , mchar(&len,iprefix);
lprefix(length] v \ol;
length - mchar(&len,fprefix);
fprefix(lengthl \of;

for( i i <- nlatticg; i++,p++,as++){
int len-132, length;
asciistring holder;
strncpy(holder,*as,(size t) len);
length - mchar(&len,holder);
holdertlength] - 1\0';
strncpy(*as,holder,(size t) (length+l));

strcpy(fn,1 prefix);
strcat(fn,*as);
rlattice(&length fin,fn,&lucgeom,&cthick,&asin,&wgap,&ngap
,&cradius,&fsrd,&cfsrd,&rpitch,&cod,&cld,&podfrcmat,fcmat
,&latdim,&nwr,&wrod,&wrth);

strcpy(p->gdsname,*as);
p->latdim - latdim; p-:nwr * nwr; p->cthick * cthick;
p->asin a asin; p->wgap a wgap; p->ngap - ngap;
p->cradius * cradius; p->fsrd - ford; p->cfsrd * cfsrd;
p->rpitch * rpitch; p->cod - cod; p->cld - cld;
p->pod * pod; p->wrod * wrod; p->wrth . wrth;
{ int len-6, length;
length = mchar(&len,frcmat);
frcmattlengthl a 1\0';
length - mchar(&lenfcmat);
fcmattlength] * '\0';

strncpy(p->frcmat,frcmat,6);
strncpy(p->fcmat,fcmat,6);)

/*- Close Input File *1
ftclose(&nin);

/* - Compute Nodal Locations of Spacers */
if(totalspacer-locations i- 0){
ptr spacer node a memory integer(l,total spacer locations
,ptrspacer node);

spacer location(nbundlg,ptr_n spacer,ptr spacer location
,ptr spacer_n,ptr-n- node,ptr node-boundaries);

/*- Read Contents of Blade Geometry Dataset */
rblade(&length fin,blade db, lucgeom,&ntube,&cbspan,&atid,&atod

,&cbthick,&trspan,&trthick,&wsthick,&cblength, &ncs,&csoff,&cswidth
,cbpmat,atmat,cbsmat,cbtrmat);

/* - Generate Correspondence Table of Fuel Geometry Indices and Fuel
- - Material Indices '1

ptr correspondence-table -
memory-integer(1,(2*nlatticm),ptrcorrespondence table);

lodct(&nrowp,&ncolp,'&naxpl,&nlatticg,&nlatticm,gmap,mmap
,lgect,lmvect,ptr-correspondence table);

/* - Edit Input Instructions - - - - - - - - - - - - - - - - - - - -*
editin(core dblprefix,fprefix,naxial,naxpl,afl,nrowp,ncolpnrowbp
,ncolbp,nbundlg,nbundlm,gmap,mmap,lgvect,lmvect,bladep,nlatticg
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,nlatticmlgdsnamlmdsnamcore mtlscore f,blade-db,rho,rhobyp
,tempk,mutp,mltp);

/* - Edit Contents of Core Geometry Dataset - - - - - - - */
coredb edt nrow,ncolnrowbncolb,apitch,vod,vthick,sod,sthick,tutpr
,tcgrbltprbcprincore loc,mvessel,mshroud,mtgmcp,migt,dtod,dtid);

/* - Edit Contents of Blade Geometry Dataset - - - - - - - - - - - -
bladedbedt(ntubecbspan,atid,atod,cbthick,trspantrthick,wsthick

,cblength,nc6,csoff,cswidth,cbpmat,atmat,cbsmatcbtrmat);
/* - Edit Contents of Fuel Geometry Datasets - - - - - - - - - - - -

fgds edt(nlatticg,lprefix,lgdsnam,ptr lgds);
/* - Edit Node Boundaries - - - - - - - - - - - - - - - - - - - - -

edit axial nodes(nbundlg,ptr n node,ptr node boundaries);
J* - Edit Spacer Input Information- - --- - - - - - - - - - -

if(totalspacerlocations I- 0)
editspacer(nbundlg,ptr_n_spacer,ptrspacerlocation
,ptrspacer-material);

/* - check for Existence of Fuel Material Intermediate Datasets - -

fmids check(lmdsnamfprefix,nlatticm);
J* - Edit Fuel Material/Geometry Correspondence Table - - - - - - -

edit-ct(nlatticm,ptr correspondence table);
/- - - - - - - - - - - - - - - -

- - Add Lattice Definitions for Spacer Grid Treatment - - - - - - - -
- - - - - - - - - - - - - - - -/

nlatticm ref a nlatticm;
if(total spacer locations J- 0)(

additional lattices * memory)lattice.list(1,additional lattices);
augment lattice list(&nlatticm,lmvect,lgvect,nlatticm ref,nlatticg
,nbundlm,nbundlg,naxial,ptr~nspacer,ptr spacer node
,additional lattices,ptr-correspondence table);

/* - Regenerate Correspondence Table */ 1
ptr correspondence table a memory integer(-1,(2*nlatticm-ref)
,ptr correspondence table);

ptr correspondence table * memory-integer(1,(2*nlatticm)
,ptr correspondence table);

lodct(&nrowp,&ncolp,&naxpl,&nlatticg,&nlatticm,gmap,mmap,lgvect
,lmvect,ptr correspondence table);

/*- Edit New Lattice Material Index Vector and Correspondence Table */
lines(7);
fprintf(nout,"OLattice Material Index Vector has been Regenerated");
fprintf(nout," to Accomodate Spacer Modeling\n");
fprintf(lnout,"OFuel Assembly Index/Lattice Index\nw);
( short int i,j;
int *p = lmvect;
fprintf(nout,obundle");
for(i * l;i c- naxial;i++)
fprintf(lout, "ISi", i);.

fprintf(nout, "\n\n");
for ( a 0; c nbundlmt;j++)(
fprintf(nout, It5i *,*p);
P++;
for(i - l;i c naxpl;i++){

fprintf(nout, *s5i,*p);
P++;

}
if(i , 1) lines(1);
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fprintf(nout,H\nw);

lines(2);
fprintf nout,RONew Correspondence Table\n\nu);
edit ct(nlatticm,ptr correspondence table);

(void) fflush(NULL);
/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Generate Input Deck for MCKP - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - -

strcpy(cellfile,prefix);
strcat(cell file,'.celn);
stropy(surface file,prefix);
strcat(surface file, n.sur");

strcpy(material file,prefix);
strcat(materialfile,".matw);

/* - Cpen Scratch Files for Segments of MCNP Input Deck *1
luB w fopen(cell file,"wa);
lu9 - fopen(surface file, w");
lulO - fopen(material file,"w");

|*.- Load Core Materials Database into Memory */
ptr core mtls - load core mtls(core mtls, 1ength fin);

/* - Set up first acess to surface usage pointer */
ptr surface usage ,
memorysurface usagelist(1,ptrsurface-usage);
ptr surface-usage->last - NULL;
ptr surface usage->index - 0;
sprintf(ptrsurfaceusage->label,"\n');
sprintf(ptr surface usage->value,"\n");
sprintf(ptr surface usage-=mnemonic,"\n");
sprintf(ptr surface usage->equivalent_label,N\n*);
ptr surface usage-Znext * NULL;

/*-- Write Representations for Core Structural Components */
vesselgeneration(apitch,vod,vthick,sod,sthick,tutpr,tcgrbltpr,bcpr
,luS,1u9,lulO,&ncell,&nsurface,&nmaterial,ptr core mtls,mvessel
,mshroudmtg,mop,mutp,mltp,core f,ptr surface usage
,&ptr material usage,bypass_density,afl);

/* - Generate Control Slade Model */
build control blade (ntube,cbspan,atid,atod,cbthick,trspan,trthick
,wsthick,cblength,nes,cooff,cswidth,cbpmat,atmat,cbsmat,cbtrmat
,ptr material usageptr surface usage,ptr core mtls, ue,1u9,1ulO
,&nuniverse,&nmaterialbypass density,&ncell,&ucb,&nsurface
,&nell tr);

t* - Create Fuel Assembly Models - - - - - - - - - - - - - - - */
/* - Create In-channel Moderator Material */

{ short int i, nloc;
char *cp, zaidllll;
asciistring label;
usagelist *ptr-ml - ptr material usage;
do{

ptrwml , ptr_ml-inext;)
while (ptr ml->-next I- NULL);
strcpy(label,"Inchannel water");
fprintf(lulO,"c ts\n",label);
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nmaterial++;
ptr ml - load usagelist(labelnmaterial,ptr.ml);
strcpy(zaid, -00l50c");
nloc - 0;
if(nmaterial 1000) nloc++;
if(nmaterial < 10o) nloc++;
if(nmaterial < 10) nloc++;
strcpy(label,"2.0");
{ short int ip;
for( ip * 1; ip <- nloc; ip++) fprintf(lulO," v);
fprintf(lulO,*mui % %s\n"unmaterial,zaid,label);

strcpy(zaid,"008016.50c");
stropy(label,ul.0U);
fprintf(lulO," ts tu\nwzaid,label);
{ short int ip;
for( ip a 1; ip <- (nloc-1); ip++) fprintftlulo," ");
fprintf(lulO, mti lwtr.Ol\n",nmaterial);

ptr-ufl a memoryinteger l,nlatticm,ptr-ufl);
int n, ufl, nlat, index, n entries;
float density;
int *p-ufl * ptr ufl;
ascii-string *psm - ptr-spacer-material;
11 material *ptr-mtl;
usage list *ptr ml;
augmented lattice list *paddlat - additional-lattices;
for(n * 1; n <a nlatticm-ref; n++,p ufl++){
generatelattice model(&ncell,Lnmateriallu8,1u9,lulO
,ptrsurfaceusageptr material usage
,ptrcorrespondence tableptr lgds, lmdsnam,n,fprefix
,inchannel-density,kbypass density,&nuniverse
,ptr core mtls,&ufl,&nsurface,wInchannel Water",&ncelltr);
*pufl - uf };)

/* - Add Lattices Incorporating Spacer Grids */
if ltotalspacer-locations I- 0)(

for(n . (nlatticm ref+l);n <- nlatticm;n++,pfufl++){
t* - Determine Material Density and Add Composition to Input

- - Deck */
{ short int i,k;
int len w 132, length, *lgv * lgvect, nlatg, nasmg * 0;
int *p = ptr correspondence table;
ascii string buffer;

/* - Find Lattice Geometry Index Corresponding to Lattice
- - Material Index */

forti - I;i <- nlatticm;i++)
if(*p *- n)(

p++t
nlatg * *p;
break;)

else(
p++; P++;)

for~i - l;i c- nbundlg;i++){
lgv++;
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for(k * l;k c- naxial;k++)
if(*lgv *- nlatg){
nasmg i;
break;)

else lgv++;
if(nasmg I- o) break;

p-sm ptr spacer material;
forti * l;i c nasmg;i++,p_sm++);
strncpy(buffer,*p am, (size t) len);
length * mchar(&len,*psm);
buffertlengthl -'\°';
strncpy(*p snm,buffer,(sizet) len);

ptr mtl - material-match~ptr core-mtls,*p sm,&density
,&n entries);

search usage_ list(1,*pm, &index,ptr-material usage);
if(index .. o)f
nmaterial++;
ptryml - ptr-material-usage;
while(ptr ml->next I- NULL) ptr ml - ptr-ml->next;
index - (ptr ml->index)+l;
ptr ml - load usagelist(*p srm,indexptr ml);
add material(lulO,&nmaterial,*p sm,n entries,ptr mtl);
{ short int. nb,nblank = 0;

if(nmaterial c 100) nblank - 1;
if(nmaterial . 10) nblank . 2;
for(nb - lnb c- nblank;nb++) fprintf(lulo,w u);

fprintf(lulO,'mtti lwtr.01\n",nmaterial);
}}

rollupllm(ptr mtl);
/* - Generate New Lattices */

nlat - p addlat- basis lattice materialjindex;
generate lattice model(&ncell,&nmaterial,luS,1u9,lulO
,ptrsurface-usage.ptr materialusage
,ptr correspondence table,ptr lg ds,lmdsnam,nlat
,fprefix,density,bypass density,&nuniverse
,ptr core mtls,&ufl,&nsurface,*p sm,&ncell tr);

*p_ufl a ufi;
paddlat - paddlat->next;

/*- Generate Unique Lattice Definitions - - - - - - */
ptr ufa a memoryinteger(l,nbundlm~ptr ufa);
build assemblies(Lncell,Snuniverse,lu8, 1u9,ptr surfaceusage

,&ptr ufa,nbundlm,lmvect,naxial,ptr ufl,&nsurface,ptr n node
,ptr node boundaries,lgvect,ptr correspondence table,nlatticm
,nbundlg);

/* - Determine the Location and Number of Unique Control Cells */
{ int *ccmapw, nu_cc;
nucc - nuniverse+l;
if(core f *- 4)-

ncolcc - (ncolp/2)+l;
nrowcc - (nrowp/2)+1;)
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if(core f *- 1)(
nrowp%4?(nrowcC - nrowp/2):(nrowcc * (nrowp/2)+1);
ncolpt4?(ncolcC - ncolp/2):(ncolcc * (ncolp/2)+1);)

if(core f an 2){
ncolcc - (ncolp/2)+l;
nrowpt4?(nrowec - nrowp/2):(nrowcc = (nrowp/2)+1);)

ccmap = memory integer (1,(ncolcc*nrowcc),ccmap);
ccmapw * memoryinteger (1,(6*ncolcc*nrowcc),ccmapw);
ccmgen(&nrowp,&ncolp,nmap,&nrowcc,&ncolcc,ccmap,ccmapw,&core f
,&ncolbp,&nrowbp,bladep,&nuniverse,incore loc,&nrowb,&ncolb);

/*- Generate Control Cells */
fau fill - memory_integer(l,4*(nuniverse-nu-cc+1),fau fill);
build control cells (&ncell tr,&nuniverse,ncolec,nrowcc, ccmap,ccmapw
,(nuiiverse-nu cc+l),lu8,1u9,blade window offset,ptr surface usage
,apitch,ucb,cbspan,cb stroke,migt, ptr material usage,ptr core mtls
,&nmaterialptr ufa,lulObypass-densitydtiddtodnu cc,fau fill
,&nsurface);

/*- Genrate Control Cell Lattice */
core lattice generation(&ncell,&nsurface,apitch,bypass density
,ptr surface usage,ptr material usageccmap,ncolcc, nrowcc
,lu8,1u9,core f,&nuniverse,afl);

edit universes(ncolcc,nrowcc,ccmap,fau fill,core-fncolp,nrowp
,nu cc,niattim,nbtndlm,ptr uf1,ptr ufa);

ptr-ufl w memory~integer(-1,nlatticmptr ufl);
source specification(nsrck,rkk,ikzkct,lulO,ncolcc,nrowccccmap
,fau fill,apitch,afl,core f,ndm,mct,ndmp,(ncell-2000+ncell tr)
,tempk);

fau fill - memory integer(-1,4*(nuniverse-nu cc+l),fau fill);
ccmapw - memory integer(-1,(6*ncolcc*nrowcc),ccmapw);

ptr-ufa - memory integer(-1,nbundlm,ptr ufa);
/* - Edit Surfaces Generated */

edit surfaces(ptr surface-usage);
edit materials(ptr material usage);

/* - Close Scratch File for Deck Segments */
fclose(luS);
fclose (u9)
fclose(lulO);

/* - Build MCNP Deck from Segment Files *1
strcpy(MCNP_file,prefix);
strcat(MCNP file," m.inpm);
lmcnp : fopen(MCNP file,ow");

/* - Open Scratch Files for Segments of MCNP Input Deck */
lu8 = fopen(cell file,"r");
1u9 - fopen~surface file,"r");
lulO - fopen(materialjfile,"r");
generate-deck(lmcnp,lu8,1u9,lulO);
fclose(lue); fclose(lu9); felose(lulO);
fclose(lmcanp);

/* - Discard Scratch Files */
discard scratch file(cell file);
discard scratch file(surface file);
discard scratch file(material file);

/* - Echo MCNP Input Deck to Output File */
lmcnp a fopen(MCRNPfile,"r");
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echo MCNPdeck(lmcnp);
/* - Return Memory */
incoreloc - memory-integer(-i,(nrowb*ncolb),incore loc);
bladep - memory integer(-i,(nrowbp*ncolbp),bladep);
gmap - memory integer(-1,(nrowp*ncolp),gmap);
mmap - memory integer(-i,(nrowp*ncolp),mmap);
lgvect - memory integer(-I,(naxpl*nbundlg),lgvect);
lmvect * memory integer(-l,(naxpl*nbundlm),lmvect);
lgdsnam - memoryascii string(-ltnlatticg),lgdsnam);
lmdsnam - memoryascii string (-1,(nlattiem_ref),lmdsnam);
ptr lg ds - memory fg list(-1,nlatticg,ptr lg.ds);
ptr correspondence table a
memory integer(-1,(2*nlatticm),ptr correspondence table);

/* - end of processing - - - - - - - - - - - - - - - - - - - - - - -*

memsum();
f close (nout);
return;
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2.2. Service Routines
Function loadcore_mtls
#includecstdio.h>
#includesstring.h>

typedef char ascii string[133];
typedef struct asciiyrecord(

struct asciirecord *last;
ascii string line;
struct ascii record *next;

) a record;

a record 'nmory ascii record(int,Lnt,a record *);

a record *load core mtls(char core-mtls[1,int length fin){

- - * 1 o a d c o r a m t l 6 * Loads Core Materials Dataset
_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Argument .s):
- - core-mtls - specification for file containing core mat- (input)
- - materials definitions
- - length_fin - length of file name (input)
- - first - pointer to first element in linked list (output)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - c - single character used to process sucessive characters
- - from the input file

unsigned char c;
/* - Character Variable(s)

- - record - string used to hold single lines from the input file
- - p - pointer to location in record

ascii string record;
char *p;

/*- Structured Variable(s)
- - first - pointer to first member of linked list
- - ptr current - pointer to current member of linked list
- - ptr next - pointer to next member of linked list

a record *first, *ptr current, *ptr next;
/* - FILE Variable(s)

lu - pointer to core materials dataset

FILE *lu;
/* - Open Core Materials Dataset - - - - - - - - - - - - - - - - - -/
/* ( short $nt i;

for(i - O;i < length fin;i++){
if(coreimtls[il - '
core mtlati] - '\0';
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break;}I

{ int len - 132, length;
length * mchar(&len,coremtls);
core mtlstlength] w -\01;

lu - fopen(core mtls,sro);
/* - Allocate First Structure for Processing File */
ptr current - memory acii-record(1,1,ptr current);
first a ptr current;
ptr current->last - NULL;
p - record;
while((c - fgetc(lu)) I- 10)1

*p - c;

P++; }
sprintf(pw\n");
strcpy(ptr current->line,record);
ptr current- >next = NULL;

/* - read balance of records in dataset *1
p * record;
while((c - fgetc(lu)) I- 255)(

*p * c;

P++;
if(c *. 10){
sprintf(p,"\nw);
ptr next - memory asciirecord(1,1,ptr next);
ptr next-znext - NULL;
ptrcurrent->next - ptr next;
ptr next->last * ptr current;
ptr current - ptr next;
strcpy(ptr current->line,record);
p * record;)

return first;

Function loadtfueLmaterlal
#include cstdio.h>
#include cstring.h>
typedef char ascii string[l33];
typedef struct a material2

struct s material *last;
lnt atomic number;
int mass number;
float weightpercentage;
char library suffix[51;
struct 6 material *next;

} 11material;

11 material fmemory _ material(intint,ll material *);
float fmemory float(int,int,float *);

11material *load fuel material(int *nft,char fprefixt],char datasettl
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,int nlat,int **latticefloat **fpdensity){
/* - - - - - - _ - - - - - - - - - -- - - - - - - - -

- - l 1 o a d f u e 1 m a t e r i a 1 * Loads Contents of Fuel
Material Dataset into
Memory for Subsequent
Processing

ArgumentI
nf

fprefI
datast

nla
lattic

Et- Number of Fuel Rod Types in Lattice
Lx - Prefix for Lattice Composition Database
et- Dataset Name for Fuel Intermediate Dataset of

Interest
Lt - lattice dimensionality
-e- Fuel Rod Type Map
p - Vector of Pointers to Start of Linked List

Containing Material Inventories for each
Distinct Fuel Rod Type

.y- densities for each fuel type

(output)
(input)
(input)

(input)
(output)
(output)

(output)fpdensit

- - Variable Declarations - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - n - loop index

short int n;
/* - Character Variable(s)
- - c - single character for reading input file
- - buffer - string variable used to manage dataset processing

- - pb - pointer to buffer
- - fin - complete dataset file descriptor
- - header - header from dataset

unsigned char c;
char *pb;
ascii string fn, buffer, header;

/* - File Variable(s)
- - ds - dataset stream pointer
- - nout - output file

*/
FILE *ds;
extern FILE *nout;

/* - Structured Variable(s)
'1

11 material Up, _p return;
/* - Put Dataset Name in C String

{ int len - 132, length;
length * mchar(&len,dataset);
datasetrlength] * =\0';

strcpy(fn,fprefix);
strcat(fndataset);

/* - Open File for Processing - -

ds - fopen(fn,"rn);
if(lds){
lines(s);

Format - - - - - - - - - - - - - - - */
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fprintf(noutuo*** F a t a 1 E r r o r * -- Function");
fprintf(nout

" Load Fuel Material, Fuel Material Dataset not Found\n");
fprintf(nout, "ODataset Name:\n");
fprintf(nout," ts\n",fn);
aborto;)

/* - Read Header Record */
strcpy(buffer, nn);
pb * buffer;
do{
c * fgetc(ds);
*pb m c;
pb++;}

while (c In 10);
*pb - 1\0';
strcpy(headerbuffer);

/* - Skip QA Record */
do
c * fgetc(ds);

while (C 1- 10);
/* - Skip Fuel Rod Type Map Title */
pb * buffer;
do{

c * fgetc(de);
*pb - c;
pb++;)

while (c 1, 10);
/*- Read Fuel Rod Type Map Line by Line */

{ short int J;
int *plattices
ascii string holder;
plattice - *lattice;
for( j - 1; j C- nlat; j++)(
pb * buffer;
do(
c * fgetc(ds);
*pb - ¢;
pb++;)

while(c I- 10);
*pb -'\0;
pb * buffer;
for(n - 0; n < nlat; n++,plattice++){
while(*pb mm ' ') pb++;
strcpy(holder, U");

do(
strncat (holder,pb,1);
pb++;)

while(*pb Im '
pb++;
sscanf(holder, 'iP,plattice);)

}
/*- Compute Number of Lattice Types */

*nft G 0;

plattice - *lattice;
for( j - 1; j k- (nlatfnlat); j++,plattice++).
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if(*plattice > *nft) *nft - *plattice;
p , memory_8smaterial(1,*nft,p);

/*- Skip Title for Density Vector */
pb * buffer;
do{
c a fgetc(ds);
*pb = c;
pb++;)

while (c I- 10);
/* - Allocate Memory for Density Vector */

*fp density - memory_float l,*nft,*fp.density);
/*- Read Density Values *J

{ short int nmax,i;
ascii string holder;
float *p w *fpdensity;
n * 1;
do(

pb buffer;
do(
c * fgetc(ds);
*pb - c;
pb++;)

while(c 1- 10);
*pb * '\0'
pb - buffer;
if((n+5) > *nft) nmax *nft;
else nmax * n+4;
for( i * n; i <- nmax; i++,p++){
while(*pb -= ',') pb++;
strcpy(holder,"");
c * *pb;
while((*pb 1- ',I) && (c I- lo)){

strncat(holder,pb,l);
pb++;
c * *pbt}

Pb++;
ascanf`(holder,"tf",p);)

n * nmax+1;

while(n c- *nft);

/* - Skip Title for Fuel Material Compositions */
pb * buffer;
do(

c * fgetc(ds);
*pb * c;
pb++;)

while (c If 10);
/* - Read Each Materials for Each Fuel Rod Type */
/* - Allocate Memory for Vector of Linked Lists */

p . memory asmaterial(l,*nft,p);
pyreturn a p;
4 unsigned char c;

int index, n-entries, i, j;
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char label[6];
ascii string holder;
11_material *ptr mtl, *ptr last, *ptrnext;
forX( n - 0; n < *rnft; n++){
ptr mtl * p;
ptr last * NULL;
ptr-mtl->atomic number - 0;
strcpy(ptr mtl->library suffix, n"U);
ptr mtl->mass number * 0;
ptr-mtl->weight percentage - 0.0;
pb * buffer;
do{
c * fgetc(ds);
*pb - C;
pb++;)

while(c la 10);
*pb - '\0';
if(*nft > 1.)
sscanf(buffer,lts ti t1",label,&index,&n entries);

else
sscanf(buffer, "%i",Mn entries);

for( i * 0; i c n-entries; i++){
pb * buffer;
do(
c - fgetc(ds);
*pb * C;
pb++;)

while(c 1- 10):
*pb - '\0';
pb * buffer;
c * *pb;
for( j l 1; j c 5; j ++){

strcpy(holder, n"f);

while((*pb 1- ',I) && (c I- 10))(
strncat(holder,pb,1);
pb++;
C -*pb5}

switch (j) (
case 1:

{ int value;
sscanf(holder,"ti",&value);
ptr mtl->atomic number a value;
pb++;

break;
case 2:

{ asciistring value;
sscanf(holder,"ts",value);
strncpy(ptrmtl->librarysuffix,value,4);
pb++;

break;
case 3:

{ int value;
sscanf(holder, 1i',&value);
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ptr mtl->mass number - value;
pb++,

break;
case 4:

{ float value;
sscanf(holder,"%f ",&value);
ptr mtl->weightpercentage a value;
pb-++;

ptr-mtl->next * NULL
ptr mtl->last * ptrlast;
ptrzlast - ptr mtl;
if( i c tn cntrries-l.)l{
ptr next - memory_a_material(1,1,ptr next);
ptrmtlU->next * ptr next;
ptr~mtl * ptr next;
ptr mtl->atomic number * 0;
strcpy(ptr mtl->library suffix," ");
ptr mtl->mass number * 0;
ptrmtl->weight percentage * 0.0;

}

fclose(ds);
return p return;

Function load.surfaceusagejist
#include <stdio.h>
#include <string.h>

typedef char ascii string[133];

typedef struct su-list(
struct su-list *last;
int index;
ascii string label;
ascii string value;
char mnemonic[4];
ascii string equivalent.label;
struct su list *next;
} surface usagelist;

surfaceusage list *meutory surface usage list(intsurface usage list *);

surface usage list *load surface usage list(ascii string label,int index
,ascii string value,char mnemonic[4],ascii string equivalent-label
,surfaceusagelist *p)(

/- - -ld r e a l -l s w u i s u l i s t -
- - load-surface-usage~_list - loads new values into surface usage list
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- - Argument-s):
- - label - character string to be added to new structure (input)
- - index - index for character string (input)
- - value - definition of surface (input)

- - mnemonic - surface definition mnemonic (input)
- - equivalent-label
_ _ - label of

- - p - pointer to memory locations (i&o)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - -

- - Structured Variable(s)
- - pnew - pointer to new structure

*1
surface usageJlist *pfnew;

/*. - Check for Initial Member of String - - - - - - - - - - - - - - -*

if(p *- NULL)(
/* - Initial Member */

p * memory surface usage list(1,p);
p->last a NULL;
p->next - NULL;
strcpy(p->label,label)i
stropy(p->value,value);
strcpy.(p->mnemonic,mnemonic);
strcpy(p->equivalent label,equivalent label);
p->index * index;
return p;}

/* - Addition to Linked List */
else(

pjnew - memory surface usage list (1,p new);
p->next - pnew;
p_pew->last *p;
p - pnpew;
p->next , NULL;
strcpy(p->label,,.abel);
strcpy(p-ovalue,value);
strcpy(p->mnemonic,mnemonic);
strcpy(p->equivalent label,equivalent label);
p->index a index;
return p;)

FunctIon memory_.asclLrecord
#includecstdio.h

#includecmalloc.h>
#includecstdlib..h
#includecerrno.h>

typedef char ascii string[1333;
typedef struct ascii-record{

struct ascii record *last;
ascii string line;
struct ascii-record *next;
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} a record;

a record *memory ascii record(int operation,int number, a record *p)(
- - - - -- - - - - - - - - - _ - - - - - _

- - memory ascii record - manages memory requests for character storage
- - for variables of the ascii4record structure

- type

- - Argument (s):
- - operation - flag for memory operation to perform (input)
- - C l. - allocate memory,
- - -l2 - return memory)
- - number - number of structures for which to allocate (input)
- - memory
- - p - pointer to memory locations (i&o)

- - Variable Definition() - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variables
- - n - number of entries in proper size
- - size - number of bytes requested
- - storage c - current bytes of character storage requested
- - storage ct - maximum bytes of character storage requested

*/
size t size ;
extern $nt storage c, storagect;

/* - FILE Pointer Variable(s)
- - nout - output file */
extern FILE *nout;

/* - - Process Memory Request - - - - - - - - - - - - - - - - - - - - -
if(operation *- 1) (
size - number*sizeof (arecord);
p * (a record *)malloc(size);
if((errno Im NULL) || (p *- NuLL))

if(p *- NULL) {
lines(2);
fprintf(nout

,"O*** F A T A L E R R 0 R *** -- Function memory ascii_record: ");
fprintf(nout, Null Pointer Returned\n");

if(errno I- NULL){
lines(2);
fprintf(nout.

,00*** F A T A L E R R 0 R t** -- Function memory ascii-record: ");
fprintf(nout,"Error Number ti Detected\n");

lines(2);
abort();

storage-c +, number*sizeof(ascii string);
if(storage c > storagect) storage-ct * storage_c;
return p;}

else {
size - number*sizeof(ascii-string);
storage c -- size;
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free((void *) P);
p, M NULL;
return p;)

}
Function memoryjfg~ist
#include
#include
.#include
#include

<stdio Ii'
<malloc.h>
cstdlib.h~,
-cerrno~h

typedef char ascii.string[(33);

typedef struct fuelgeometry(
ascii string gds name;
int latdim;
int nwr;
float cthick;
float asin;
float wgap;
float ngap;
float cradius;
float ford;
float cfsrd;
float rpitch;
float cod;
float cid;
float pod;
float wrod;
float wrth;
char frcmat(1];
char fcmat(61;

} fg jist;

fglist *memory gfs ist(int operation, int number, fg_list 'p){
/* - - - - - - - - - - - - - - - - - - - - - - - - -

- - memoryjfgjist - manages memory requests for storage for
… - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - - -

- - Argument(6):
- - operation - flag for memory operation to perform (input)

1 - allocate memory,
-1 - return memory)

- number - number of structures to allocate (input)
- p - pointer to memory locations (i&o)

- Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -
- Integer Variables
- ii - number of entries in proper size
- size - number of bytes requested
- storage i - current bytes of integer storage requested
- storagejt - maximum bytes of integer storage requested
- storager - current bytes of single-precision real storage

requested
- storage-rt - maximum bytes of single-precision real storage
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- - requested
*/
extern int storage 1, storageit;
extern int storage r, storage rt;
extern int storage c, storage_ct;

/* - FILE Pointer Variable(s)
- - 'nout - output file */
extern FILE *nout;

/* - - Process Memory Request - - - - - - - - - - - - - - - - - - - - -
if(operation =a 1) {
p * (fg list *)calloc((size t) number,(size t) sizeof(fg list));
if((errno I- NULL) 11 (p -- NVLL)) {

if(p m- NULL) {
lines(2);
fprintf(nout

,nO*** F A T A L E R R 0 R -- Function memory fglist: ");
fprintf(nout, "Null Pointer Returned\n");

if(errno I1 NULL){
lines(2);
fprintf(nout

,NO*** F A T A L E R R O R
fprintf(nout,"Error Number

}
lines(2);
abort();

*** -- Function memory fg list: ");
ti Detected\n");

}
storage i +- 2*sizeof(int);
if(storagei > storageit) storageit a storage i;
storage r +- 12*sizeof(float);
if(storager > storagert) storagert . storager;
storage c +- 12*sizeof(char)+sizeof(asciistring);
if(storage c > storage_ct) storage ct - storage c;
return p;)

else {
free((void *) p);
p - NMLL;
storagei -- 2*sizeof(int);
storage r -- 12*sizeof(float);
storage c 1- 2*sizeoftchar)+sizeof(ascii string);
return p;)

I
Function memo_float

#include <stdio.h>
#include cstdlib.h>
#include cmalloc h>
#include cerrno.h>

float *memory float(int operation, int number, float *p)(
/ - - - -- - - - - - - - - _

- - memory integer - manages memory requests for single-precision real
- - storage

- - Argument (s):
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- - operation - flag for memory operation to perform (input)
- - ( 1 - allocate memory,
- - -1 - return memory)
- - number - number of storage locations to request (input)
- - (n.b., not used for return requests)
- - p - pointer to memory location (iUo)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variables
- - storager - current bytes of float storage requested
- - storage rt - maximum bytes of float storage requested

*/
extern int storager, storageyt;

/* - FILE Pointer Variable(s)
- - nout - output file */
extern FILE *nout,

/* - - Process Memory Request - - - - - - - - - - - - - - - - - - - - -
if(operation -- 1) (
p m (float *)calloc((size t)number,(size t) sizeof(float));
if((errno I- NULL) || (p NULL)) {

ifMp mm NULL) (
lines(2);
fprintf(nout
,O"*** F A T A L E R ROR *** -- Function memory float: ");
fprintf(nout,"Null Pointer Returned\n");

if(errno I. NULL)(
lines(2);
fprintf(nout
, "lo***F A T A L E R RoR *** -- Function memory float: ");
fprintf(nout,"Error Number ti Detected\nm);

lines(2);
aborto;

storager *w number;
if(storage r > storagert) storage-rt - storager;
return p;)

else (
storage r -- number;
freel(void *) p);
p a NULL;
return P;I;

Function memoryjnteger
#include cstdio.h>
#include cstdlib.hb
#include cmalloc.h>
#include cerrno.h>

int *memoryxinteger(int operation, int number, $nt *p){
- - - inte-e- -meq r i n t g s - - -
-- memory_integer - manages memory requests for integer storage
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- - Argument(s):
- - operation - flag for memory operation to perform (input)

- ( t 1 - allocate memory,

- - -1.- return memory)
- - number - number of storage locations to request (input)

- - - (n.b., not used for return requests)

- - p - pointer to memory location (i&o)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -

- - Integer Variables

- - storage i - current bytes of integer storage requested

- - storage it - maximum bytes of integer storage requested

*/

extern int storagej, storagejt;

/* - FILE Pointer Variable(s)

--nout - output file /

extern FILE *nout;

/* - - Process Memory Request - - - - - - - - - - - - - - - - - - - - -*

if (operation -m 1) (

p = (nt *)calloc((size t)number,(size t) sizeof(int));

if((errno I1 NULL) I (p -- NOLL)) {

if(p *- NULL) {

lines(2);

fprintf(nout

,'0*** F A T A L E R ROR *** -- Function memory integer: 0);

fprintf(nout,"Null Pointer Returned\n")l

)

if(errno in NULL)(

lines(2);

fprintf(nout

,"II0*** F A T A L E RR OR *** -- Function memory integer: U);

fprintf(nout,UError Number ti Detected\n");

lines(2);
abortO;

storagei += number;

if(storage i > storageit) storage it * storage-i;

return p;)

else {

storagej i number;

free((void *) p);

p . NULL;

return p;);

Function memory~Jatticelist
#include cstdio.ha

#include cmalloc.h>

#include csotdlib.h>

#include cerrno.h,

typedef struct all(
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struct all *last;
int basis lattice material_$ndex;
int lattice material index;
struct all *next;

} augmented-lattice-list;

augmented lattice list *memory lattice list(int operation
,augmentedlattice list *p){

/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - memory lattice-list - manages memory requests for storage for vari-
- - ables of the augmented-lattice list structure
- - . type

- - Argument(s):
- - operation - flag for memory operation to perform (input)
- - ( l - allocate memory,
- - -l - return memory)
- - p - pointer to memory locations (i&o)
_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Variable Definition(s) - - - - - - - - - - - -
- - Integer Variables
- - n - number of entries in proper size
- - size - number of bytes requested
- - storage i - current bytes of integer storage
- - storageit - maximum bytes of integer storage

size t size ;
extern int storagei, storage_it;

/* - FILE Pointer Variable(s)
--nout - output file */

extern FILE *nout;
/* - - Process Memory Request - - - - - - - - - - -
if(operation e- 1) (

size - sizeof(augmented-lattice list);
p * (augmented lattice list *)calloc((size-t) 1
,(size-t) sizeof(augmented lattice list));

if((errno i. NULL) I (p mm NULL)) T
if(p e' NULL) {
lines(2);
fprintf(nout

,"0*** F A T A L E R R o R ** Function i
fprintf(nout,"Null Pointer Returned\n");

requested
requested

_ - - - */

memory)lattice-list: ");

if(errno In NULL)(
lines(2);
fprintf(nout

,"0*** FATAL ERROR
fprintf(nout,"Error Number

}
lines(2);
aborto;

*f -- Function memory_lattice list: w);
ti Detected\n");

I
storage-i +- 2*sizeof(int);
if(storage i > storage it) storage it - storage_i;
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return p;)
else {

free((void *) P);
p w NULL;
storagei -- 2*Sizeof(int);
return p;)

}
Function memoryp_materal

#includecstdio.h>
#include cmalloc.h>
#includecstdlib.h>
#includecerrno.h

typedef char asciistring[l332;
typedef struct ascii-record(

typedef struct smateriall

struct ascii record *last;
ascii string line;
struct ascii record *next;
} arecord;

struct a material *last;
int atomic number;
int mass number;
float weight percentage;
char library suffix(S];
struct s material *next;
} lmaterial;

11 material *memorysqmaterial(int operation,int number,1llmaterial *p){
/* - -- - - - - - - - - - - - -

- - memory_s_material - manages memory requests for storage for vari-
- - ables of the s material structure type
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Argument(s):
operation - flag for memory operation to perform

( 1 - allocate memory,
-1 - return memory)

(input)

- - number - number of structures to process (input)
- - p - pointer to memory locations (i&o)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -
- - Intecer Variables

_ _ ~~n -
- - size -
- - storagei_ -
- - storage_it -
- - storage_r -

number of entries in proper size
number of bytes requested
current bytes of integer storage requested
maximum bytes of integer storage requested
current bytes of single-precision real storage
requested
maximum bytes of single-precision real storage
requested
current bytes of character storage requested
maximum bytes of character storage requested

storagert -

storagec -
storagect -
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*/
size t size;
extern $nt storage-i, storage-it;
extern int storage_r, storageyt;
extern int storage_c, storage_ct;

J* - FILE Pointer Variable(s)
- - nout - output file */
extern FILE *nout;

/* - - Process Memory Request - - - - - -
if (operation *_ 1) {

size a number*uizeof (ll material);
p - (11-material *)malloc(size);
if(errno I- NULL) |j (p *. NULL)) {

if(p *- NULL) (
lines (2);
fprintf (nout

,"O*** F A T A L E R ROR *** --
fprintf (nout, "Null Pointer Return

)
if(errno I- NULL)(

lines(2);
fprintf (nout

,"0*** F A T A L E R ROR ***
fprintf (nolt, "Error Number ti Det

}
lines (2);
abort ();

--_ _ -- */

Function memory s material: ");
ed\nw );

Function memory 8 material: ");
ected\n");

- storage c;

- storagei;

: storager;

I
storage c +w 3*nul
if (storagec > sti
storagei +- 2*nun
if (storagei > stt
storage r +, numbi
if (storage r > sti
return p;}

else {
free((void *) p);
p = NULL;

mber*sizeof(char);
orage_ct) storage~ct
nber*sizeof(int);
Drage it) storageit
mr*sizeof (float);
:ragert) storage-rt

storagec --
storage i --
storage r --
return p;h

3*number*sizeof (char);
2*number*sizeof (int);
number*sizeof(float);

Function memory..surfaceeusageJist
#include cstdio.hh
*include (malloc.h>
#include cstdlib.h>
#include <errno.h>

typedef char asciistring[1331;

typedef struct su listt
struct su-list *last;
int index;
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ascii string label;
ascii~strins value;
char mnemonic [4];
ascii string equivalent label;
struct su list *next;

} surfaceusagelist;

surface usage list *memory surface-usage_list (nt operation
, surface usage _ist *p){

t* - - - - - - - - - - - - - - - - - - - -- - - -

- - memorypsurface usage list - manages memory requests for storage for
variables of the surface usagelist

- - *ostructure type

- - Argument(s):
- - operation - flag for memory operation to perform (input)
- - C 1 - allocate memory,
- - -1 - return memory)
- - p - pointer to memory locations (iao)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variables
- - n - number of entries in proper size
- - size - number of bytes requested
- - storage_i - current bytes of integer storage requested
- - storagejt - maximum bytes of integer storage requested
- - storage c - current bytes of character storage requested
- - storage ct - maximum bytes of character storage requested

size t size ;
extern int storage i, storage it;
extern int storagec, storage ct;

/* - FILE Pointer Variable(s)
- - nout - output file */
extern FILE *nout;

/* - - Process Memory Request - - - - - - - - - - - - - - - - - - - - -
if(operation *, 2. {
size - sizeof(surface usage 1ist);
p - (surface-usage list *)malloc(size);
if((errno I SNULL) (p -- NULL)) (
if(p CM NULL) {

lines(2);
fprintf (nout

,"O*** F A T A L E R R O R *** Function);
fprintf(nout," memory surface-usage-list: U);

fprintf(nout,"Null Pointer Returned\n");

if(errno l* NULL){
lines(2);
fprintf(nout

,"0I*** F A T A L E R R O R ***.--Function");
fprintf(nout,' memory surface usagelist: U);

fprintf(nout,wError Number ki Detected\n",errno);
}
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lines (2);
abort;

storage c +. 3*sizeof(ascii-string)+4*sizeof(char);
if(storagec > storage ct) storage_ct * storage c;
storagei +- sizeof(int);
if(storage i > storage it) storage it , storagei;
return p;)

else {
free((void *) p);
p a NULL;
storage c -- (3*sizeof(ascii string)+4*sizeof(char));
storagei -a sizeoflint);
return p;)

Function memoryusagejist

#include <stdio.h>
#include cmalloc.h>
#include <stdlib.h
#include <errno.h>

typedef char ascii string(1331;

typedef struct u_1ist(
struct u list *last;
int index;
ascii string label;
struct u list *next;

} usagelist;

usagelist *memoryjusagelist(mnt operation, usage_1ist *p)(
/* - - - - - - - - - - - - - - - - -

- - memory usage list - manages memory requests for storage for vari-
- - ables of the usagelist structure type

- - Argument s):
- - operation - flag for memory operation to perform (input)
- - C 1 - allocate memory,
- - -1 - return memory)
- - p - pointer to memory locations (i&o)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variables
- - n - number of entries in proper size
- - size - number of bytes requested
- - storage i - current bytes of integer storage requested
- - storageit - maximum bytes of integer storage requested
- - storage_c - current bytes of character storage requested
- - storage ct - maximum bytes of character storage requested

size t size ;
extern int storagei, storage it;
extern int storage~c, storage ct;
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/* - FILE Pointer Variable(s)
- fnout - output file t/

extern FILE *nout;
/* - - Process Memory Request - - - - - - - - - - - - - - - - - - - - -
if(operation an 1) I

size - sizeof(usage list);
p - (usage list *)malloc(size);
if((erzno I- NULL) 11 (p *- NULL)) {
if(p -- NULL) {

lines(2);
fprintf(nout

,10*** F A T A L E R R 0 R *** -- Function memory usage list: ");
fprintf(nout,"Null Pointer Returned\n");

if(errno la NULL){
lines(2);
fprintf(nout

,"0*** F A T A L E R R O R
fprintf(nout,"Error Number

}
lines(2);
abort();

storage c += sizeof(ascii-strin
if(storage c storage_ct) stor
storage i +- sizeof(int);
if(storage_i > storage it) stor
return p;)

else (
free((void *) p)
p a NUL;
storage c -- sizeof(ascii strin
storage i -- sizeof(int);
return p;O

*** -- Function memory usage list: ");
U Detected\n");

ag) ;
ragect - storagec;

-ageit - storagei;

}
FunctIon searchsurface._usagejist

#include cstdio.h>
#include cmalloc.h>
#include cstdlib.h>
#include cerrno.h>

typedef char ascii-string[1331;

typedef struct saulist(
struct Su list *last;
int index;
ascii string label;
ascii string value;
char nInemonic (4];
ascii string equivalent label;
struct mu list *next;

} surface~usage)list;

surface usagelist *memorysurface usagejlist(int operation
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, surface usage list *p){
/* _-- -` - - - - - - - - - - - - - - - - - -

- - memory surface-usage list - manages memory requests for storage for
variables of the surface usage list
structure type

- - Argument(s):
- - operation - flag for memory operation to perform (input)
- - ( 1 - allocate memory,
- - -1 - return memory)
- - p - pointer to memory locations (ifo)

- - Variable Definition(s) - - - - - - - - - - - - - - - --- - - - - - -
- - Integer Variables
- - n - number of entries in proper size
- - size - number of bytes requested
- - storagei - current bytes of integer storage requested
- - storage it - maximum bytes of integer storage requested
- - storagec - current bytes of character storage requested
- - storagect - maximum bytes of character storage requested
*1
size t size ;
extern int storagei, storage it;
extern int storagec, storagect;

/* - FILE Pointer Variable(s)
--nout - output file */

extern FILE *nout;
/* - - Process Memory Request - - - - - - - - - - - - - - - - - - - - -

if (operation m- 1) {
size - sizeof(surface usage list);
p - (surface usage-list *)malloc(size);
if{(errno 1- NULL) || (p a, NULL)) (

if(p mm NULL) {
lines(2);
fprintf(lnout

,U0*** F A T A L E R R O R ***-Function");
fprintf(nout,* memory surface usage list: 3);
fprintf(nout,"Null Pointer Returned\n");

iferrno I= NULL){
lines(2);
fprintf(nout

0"O*** F A.T A L E R R O R *** Function);
fprintf(nout," memory surface usage -list: N)i
fprintf(nout,mError Number ti Detected\n",errno);

lines(2);
aborto;

storage c +- 3*sizeof(ascii string)+4*sizeof(char);
if(storagec > storagect) storage ct - storagec;
storagei +. sizeof(int);
if(storage i > storage it) storage it * storage_i;
return pO}
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else (
free((void *) P);
p - AUL;
storage c (3*Sizeof(ascii string)+4*sizeof(char));
storage i -I sizeof(int);
return p;)

)
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2.3. Input Routines

Subroutine Idiv
SUBROUTINE LDLV(NBUNDLE,NAXPl,LU,LVECT)

C - - -- - - - - - - - - - - - - - - - - - - - - - - _
C - - * L D L V * Reads Vectors giving Lattice Assignments to Fuel
C - - Assemblies
C - -- - _ - - - - - - - - - - - - - - - - - - - _
C - - Argument(s):
C - - NUNDLE - Number of Fuel Assemblies in Core (input)
C - - NAXP1 - Number of Axial Nodes in Core +1 (input)
C - - LU - Logical Unit from which to Read Vectors (input)
C - - LVECT - Lattice Loading Vectors for each Fuel (output)
C - - Assembly
C - - - -- - - - - - - - - - - - - - - - - - - _
C _
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
C - - MESSAGE - Character String for Messages

CHARACTER*132 MESSAGE
C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - -

DIMENSION LVECT(NAXPl,NEUNDLE)
C - - Skip Header Record - - - - - - - - - - - --- - - - - - - - - - -

READ(LU, ' LX) I)
DO NB-1,NBUNDLE

READ(LJ,*,ENDu500) (LVECT(I,NB),I-l,NAXPl)
ENDDO

C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -
RETURN

C - - Error Processing - - - - - - - - - - - - - - - - - - -
500 MESSAGE * '0*** F A T A L E R R 0 R *** SUBR. LDLV --

WRITE(MESSAGE((MCEAR(132,MESSAGE)+1):)
2 ,'(" Premature End-of-File Encountered on Logical Unit"'')

WRITE(MESSAGE((MCE AR(132,MESSAGE)+l):)
2 ,'(# ",12)') LU

CALL lines(s)
CALL fortranpmessage(MESSAGE)
CALL aborto)
END

Subroutine hodct
SUBROUTINE LODCT(NCOLP,NROWP,NAXP2,NLATTICG,NLATTICM,GMAP,MW4AP

2 ,LGVECT,LMVECT,CTABLE)
C - - - - - - - - - - - - - - - - - - - - _
C - - * L 0 D C T * Load Correspondence Table Matching Lattice
C - - Geometry Types with Lattice Material Types
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _
C - - Argument(s):
C - - NCOLP - Number of Columns in Core Fuel Assembly (input)
C - - Map
C - - NROWP - Number of Rows in Core Fuel Assembly Map (input)
C - - NAXPI - Number of Axial Nodes + 1 (input)
C - - NLATTICG - Number of Unique Lattice Geometry Types (input)
C - - NLATTICM - Number of Unique Lattice Material Types (input)
C - - GMAP - Fuel Assembly Geometry Index Map (input)
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C - - MMAP - Fuel Assembly Material Index Map (input)
C - - LGVECT - Vectors Provides Lattice Geometry Assign- (input)
C - - ment indices for a Given Fuel Assembly
C - - Geometry Index
C - - LMVECT - Vectors Provides Lattice Material Assign- (input)
C - - ment Indices for a Given Fuel Assembly
C -.- Material Index
C - CTABLE - Correspondence Table Providing Lattice (output)
C - - Geometry Index for a Given Lattice Mater-
C - - ial Index
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C - -
C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - --- -
C - - MATCH - Flag to indicate that a Lattice Material/Lattice
C - - Geometry Pair has Already been Added to CTABLE

LOGICAL MATCH
INTEGER GMAP(NCOLP,NROWP),CTABLE(2,NLATTICM)

C - - Dimension Statement(s) - - - - - - - - - - - - - - - - - - - - -
DIMENSION MMAP(NCOLPNMROWP),LGVECT(NAXP1,NLATTICG)

2 ,LMVECT(NAXP1,NLATT1CM)
C - - Sweep Over Entire Core - - - - - - - - - - - - - - - - - - - - -

CALL 1NVALI((2*NLATTICM),CTABLE,0)
IC 0 O
DO J , 1,NROWP

DO I a 1,NCOLP
IF(MMAP(I,J) .NE. 0) THEN

C - - Examine Each Node of Fuel Assembly Loading Vector
DO X * 2,N2XP1

LGV LGVECT(K,GMAP(I,J))
LMV * LMVECT(KMMAP(IJ))
IF(IC .EQ. 0) THEN

IC - IC+1
.CTABLE(lIC) - LMV
CTABLE(2,1 C) = LGV

ELSE
MATCH * .FALSE.
.DO N * 1,IC

IF((CTABLE(l,N) .EQ. LMV) .AND.
2 (CTABLE(2,N) .EQ. LGV)) MATCH * .TRUE.

ENDDO
IF(.NOT. MATCH) THEN
* IC - IC+l

CTABLE(1,IC) * LMV
CTABLE(2,1C) * LWV

ENDIF
ENDIF

ENDDO
ENDIF

ENDDO
ENDDO

C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -
RETURN
END

Subroutine rMiade
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SUBROUTINE RBLADE(LENFNBLADE-DBLUGEOMNTUBE,CBSPANATIDATOD
2 ,CBTHICK,TRSPAN,TRTHICK,WSTHICK,CBLENGTHNCSCsoFFCSWIDTH
3 CB]PMAT,ATMATCBSMATCBTRMAT)

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

* C
C
C
C

* C
C
C
C
C
C
C
C
C

* R B L A D E * Reads Dataset Containing Control Blade
Geometry Dataset

Argu

BI

C

CE

meht (s) :
LENFN - Length of File Name

IADE DB - Name of File Containing Appropriate Core-
layout Database

LUGEOM - Logical Unit Number for Blade Geometry
Dataset

NTUBE - Number of Absorber Tubes in All Four
Wings of Blade

CBSPAN - Control Blade Span (Tie Rod Center to
Tip)

ATID - Absorber Tube Inner Diameter (cm)
ATOD - Absorber Tube Outer Diameter (cm)

!BTHICK - Blade Wing Thickness (cm)
TRSPAN - Tie Rod Span (cm)
!RTHICK - Tie Rod Thickness (cm)
rSTHICK - Wing Thickness (cm)
ILENGTH - Active Absrober Length (cm)

NCS - Number of Central Stiffeners per Wing
CSOFF - Central Stiffener Offset

!SWIDTE - Central Stiffener Width
CBPMAT - Identifier for Blade Poison Material

ATMAT - Identifier for Blade Absorber Tube Mat-

(input)
(input)

(input)

(output)

(output)

(output)
(output)
(output)
(output)
(output)
(output)
(output)
(output)
(output)
(output)
(output)
(output)

(output)
(output)

CBSMAT -
QBTRMAT -

erial
Identifier for Blade Sheath Material
Identifier for Blade Tie Rod Material

C -- - - - - - - - - - - - - - - - - - - - - _
C - -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -
CHARACTER*6 CBPMAT,ATMAT,CBSMAT,CBTRMAT
CRhR&CTER* (LENF) BLADE DB

C - - Namelist Statements - - - - - - - - - - - - - - - - - - - - - - -
NAMELIST /BLADE/ NTUEE,CBSPAN,ATID,ATOD,CBTHICK,TRSPAN,TRTHICK
2 ,CBLENGTH,WSTEICK,NCS,CSOFF,CSWIDTH,CBPMAT,ATMAT,CBSMATCBTRMAT

C - - Read in Namelist --- - - - - - - - - - - - - - - - - - - - - - -
CALL FTOPEN(LUGEOM,BLADE DB)

C - - Skip Record Containing Dataset Title
READ (LUGEOM, '(lX)')

C - - Read NAMELIST Input Block
READ(LUGEOM,BLADE)

C - - Close Dataset
CALL FTCLOSE(LUGEOM)

C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -
10 RETURN

EMD

Subroutine readin
SUBROUTINE READIN (FIN, LENFN, CORE DE, NIN, LUCGEOM, AXIAL, AL, NROW

2 ,NCOL, NROWP, NCOLP, APITCE, SOD, STICK,VOD, VTHICK, TUTPR, TCGR, BLTPR
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C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

3 ,BCPRLPREFIXFPREFIxCOREMTLSMNESSELMSEROUD, MTGCPMUTP
4 *MLTP,CoRE-F,BLADE DBMIGTDTODDTIDRKOREOBYPTEMPK)

* R E A D I N * Reads NAMELIST input to program -- including

the core geometry file (defined as function
for compatibility with C invocation)

Argument (s) :
FIN - File Name for Input File

LENF2 - Length of File Name
COREDB - Name of File Containing Appropriate Core-

layout Database
NIN - Logical Unit Number for Input File

LUCGEOM - Logical Unit Number for Core Geometry
Dataset File

NAXIAL - Number of Axial Nodes in Active Fuel
AFL - Active Fuel Length (cm)

KROW - Number of Rows in Full Core
NCOL - Number of Columns in Full Core

NROWP - Number of Rows in Core Represented in the
Problem

NCOLP - Number of Columnes in the Core Repre-
sented in the Problem

APITCH - Assembly Pitch (cm)
SOD - Outer Radius of Core Shroud (cm)

STRICK - Core Shroud Thickness (cm)
VOD - Pressure Vessel Outer Radius (cm)

VTHICK - Pressure Vessel Thickness (cm)
TUTPR - Top of the Upper Tie Plate Region (cm)
TCGR - Top of the Core Grid Region (cm)

BLTPR - Bottom of the Lower Tie Plate Region (cm)
BCPR - Bottom of the Core Plate Region (cm)

LPREFIX - File Description Prefix for Lattice Geo-
metry Files

FPREFIX - File Description Prefix for Fuel Materi
al Intermediate Datasets

CORE_MTLS - File Specification for Core Materials
Dataset

MVESSEL - Material Identifier for Vessel
-MSEROUD - Material Identifier for Core Shroud

MTG - Material Identifier for Core Top Guide
Region

MCP - Material Identifier for Core Plate
Region

KUTP - Material Identifier for Upper Tie Plate
Region

MLTP - Material Identifier for Lower Tie Plate
Region

CORE F - Fraction of Core in Problem

(input)
(input)

(output)

(input)
(input)

(output)
(output)
(output)
(output)
(output)

(output)

(output)
(output)
(output)
(output)
(output)
(output)
(output)
(output)
(output)
(output)

(output)

(output)

(output)
(output)
(output)

(output)

(output)

(output)

(output)

(output)

(output)
(output)
(output)

BLADE DB -

MIGT -
DTOD -
DTID -

(1 - full, 2 - half, 4 - quarter)
Dataset for Control Blade used in the
Problem
Material Identifier for Incore Guide Tube
Incore Guide Tube Outer Diameter (cm)
Incore Guide Tube Inner Diameter (am)
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C - iuRO - In-channel water bensity (g/cc) (output)
C - - RHOBYP - BYpass Water Density (g/cc) (output)
C - - TEMPK - Problem Temperature (Kelvin) (output)
C -_ - - - - - - -_ - - - - - - - - - - - - - - - - - - -

C-
C - -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - - - - -

C - - NIN - Logical Unit Number for Input File
C - - LUCGEOM - Logical Unit Number for Core-geometry Dataset File

INTEGER NIN,COREF
CHARACTER*6 MVESSEL,KSHROUD,MTG,MCP,MUTP,MLTP,MIGT
CHARACTER*132 CORE DB,LPREFIX,FPREFIXCORE MTLS,BLADE DB
CaMRACTER* (LENFN) FIN

C - - Namelist Statements - - - - - - - - - - - - - - - - - - - - - - -
NAMELIST /LINKIN/ CORE DB,NAXIAL,APL,NROWP,NCOLPLPREFIX,FPREFIX

2 ,CORE MTIS,COREF,BLADE DB,RHO,RHOBYP,TEMPK,MUTPMLTP
NAMELIST /CORE/ NCOL,NROW,APITCH,SOD,STHICK,VOD,VTHICK,TUTPR

2 ITCGR,BLTPR,BCPR,MVESSEL,MSEROUD,DTOD,DTID,MTG,MCP,MIGT
C - - Read in Namelist - - - - - - - - - - - - - - - - - - - - - - - -

CALL FTOPEN|NIN,FIN)
C - - Skip Record Containing Case Title

READ(NIN,'(lX)')
C - - Read NAMELIST Input Block

READ (NIN, LINKN)
C - - Process Core-geometry File Namelist Input Section - - - - - - - -

CALL FTOPEN(LUCGEOM,CORE-DB)
C - - Skip Header Record

READ (LUCGEOM,d(lX)s)
C - - Read NAMELIST Input

READ(LUCGEOM,CORE)
C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -

10 RETURN
END

Subroutine rattIce
SUBROUTINE RLATTICE(LENFNFUEL DB,LUGEOM,CTHICK,ASIN,WGAP,NGAP

2 ,CRADIUS, FSRD, CFsRD, RpITCH, COD, CLD, popRCMAT FCMAT LATDIM MWR
3 ,WROD,WRTH)

C -- - - - - - - - - - - - - - - - - - - - - - - - -
C - - * R L A T T I C E Reads Dataset Containing Lattice
C - - Geometry Dataset
C - - - -- - - - - - - - - - - - - - -_

C - - Arumentt():
C - - LENFN - Length of File Name (input)
C - - FUELDB - Name of File Containing Appropriate (input)

C - - Lattice-layout Database
C - - CTRICC - Channel Thickness (cm) (output)
C - - ASIN - Inner Span of Channel (cm) (output)
C - - WGAP - Wide Gap Thickness (cm) (output)
C - - NGAP - Narrow Gap Thickness (cm) (output)*
C - - CRADIUS - Inner Radius of Channel Corner (cm) (output)
C - - FSRD - Clad Surface to Clad Surface Separation (output)

C - - (cm)
C - - CFSRD - Clad Surface to Inner Channel Surface (output)
C - - Separation (cm)
C - - RPITCH - Fuel Rod Pitch (cm) (output)
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C - - COD - Cladding outer Diameter (cm) (output)
C - - CLD - Cladding Thickness (cm) -(output)

C - - POD - Fuel Pellet outer Diameter (cm) (output)
C - - FRCMAT - Material Identifier for Fuel Rod Cladding (output)
C - - FCMAT - Material Identifier for Channel (output)
C - - LATDIM - Lattice Dimensionality (output)
C - - NWR - Number of Water Rods (output)

C - - WROD - Water Rod Outer Diameter (cm) (output)

C - - WRTH - Water Rod Thickness (cm) (output)
C - - -- - - - - - - - - - - - - - - - - - - - - - - -_
C-
C - -

C - - Type Statement(s) - - - - - - - - - - - - - - - - - - - - -

REAL NGAP
CHARACTER*6 FRCMAT,FCMAT
CHARACTER*(LENFN) FUEL DB

C - - Initialization - - - - - --- - - - - - - - - - - - - - - - - - -

WROD * 0.0
WRTH * 0.0

C - - Namelist Statements - - - - - - - - - - - - - - - - - - - - - - -

NAMELIST /FUEL/ CTHICK,ASIN,WGAP,NGAP, cRADmIUS ,FSRDCFSRD,RPITCH
2 ,COD, r-L, PODLATDIM,NWR,PRCMAT,FCMATWROD,WRTH

C - - Read in Namelist - - - - - - - - - - - - - - - - - - - - - - - -

CALL FTOPEN(LUGEOM,FUEL DB)
C - - Skip Record Containing Dataset Title

READ(LUGEOtM,1(1X) )
C - - Read NAMELIST Input Block

READ(LUGEOM,FUEL)
C - - Close Dataset

CALL PTCLOSE (LUGEOM)
C - - End of Normal Processing - - - - - - - - - - - - - - - - - - - -

10 RETURN
END
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2.4. Input Editing Routines
Function edi~t e
*include <stdio.h>I
#include cc tring~h

void edit-atfint nlatticm,int *p){
…*- - - - - - - - - - - - - - - - -

- - * e d i t _ c t * Edits Contents of Correspondence
- - ~~~~Relates Lattice Geometry Indices
- - ~~~~material Indices

Table, which
to Lattice

- - Argument (s) :
- - nlatticm - Number of Unique Lattice Material Indices

- - ~p - Pointer to correspondence Table
(input)
(input)

--Variable Declarations -----------------------
--integer Variable(s)
-- n - index for loop
--p2 - pointer to second member of correspondence table

int n, *p2;
/* - File Variable(s)

-- nout - output stream

extern FILE *nout;
/*- Edit Correspondence Table --------------------
lines (7) ;
fprintf (nout,*OCorrespondence Table for Lattice Material and Geometry");
fprintf(nout," Indices\nn);
fprintf (nout, "Oindex Material Geometry\n\nu);
p2 = p44;
for( n - 1; n <.c nlatticm; n+a.){

fprintf(nout., I3i t6i tEi\n8,n,*p,*p2);
p++; P++;
p2 - ~;

Function edit~ spacer
#include <cstdio.h>
#include <string .h>

typedef char ascii-string[133J;

void edit spacer(int nbundl1g,int *ptr n spacer
,float *ptr pacer-location, ascii-string *ptr spacer material) {

- ed it s pa c er * Edits Input Variables Defining
Fuel Assembly Spacers

- - Argument(s):.
- Ib%1nAg - number of fuel assembly geometrical types (input)
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- - ptrn spacer
- - - number of spacers in each fuel assembly type (input)
- - ptrspacer location
- - - pointer to array containing location of spa- (input)
- - cers for each fuel assembly type
- - ptr-spacer material
- - - pointer to array containing spacer material (input)
- - mnemonic for each fue assembly type

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - i - utility index variable
- - j - utility index variable
- - ptr-n - pointer to integer vector

short int i,j;
int *ptr n * ptr n spacer;

J* - Float Variable(s)
- - ptr-f - pointer to floating point array

float *ptr f a ptr spacer location;
/* - Character Variable(s)

- - ptr c - pointer to asciistring vector
- - buffer - character variable for processing output

t/
asciistring buffer, *ptr-c - ptrspacer-material;

/* - FILE Variable(s)
- - nout - output file

extern FILE *nout;
/* - Summarize NAMELIST Input Directives - - - - - - - - - - - - - -*
header 0;
lines(5+nbundlg);
fprintf(nout

,"OFuel Assembly Spacer Information\n");
J* - Number of Spacers for Each Unique Fuel Assembly Geometry *J

fprintf(nout,"OIndex Number of Spacers Material Mnemonic\n\nw);
for(i - l;i c- nbundlg;i++)(

strcpy(buffer,"");
strncpy(buffer,*ptr c,7);
fprintflnout," t3i %2i t1s\nU
,i,*ptrln,buffer);

ptr n++;
ptrc++;)

/* - Spacer Coordinates for Each Type */
lines(3+nbundlg);
fprintf(nout,"Olndex Axial Distance from BAF (cm)\n\n");
ptr n - ptr_nspacer;
forfi - l;i <f nbundlg;i++){

fprintflnout," t3i",i);
for(j * 1;j c- *ptr n;j++)(

fprintf(nout," t7.3fn,*ptr f);
*ptr f++;I
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fprintf(fnout, \n")s
ptr-n++;

Function fgdsedt

#include cstdio.h>
#include cstring.h

typedef char ascii string[1333;
typedef struct fuelgometry(

ascii string gds name;
int latdim;
int nwr;
float cthick;
float asin;
float wgap;
float ngap;
float cradius;
float fsrd;
float cfsrd;
float rpitch;
float cod;
float cld;
float pod;
float wrod;
float wrth;
char frcmat16];
char fcmatt61;

) fglist,

void fgds edt(int nlatticg,char lprefix]l,ascii string *lgdsnam
,fg list *ptrlgds) {

/* - - - - - - - - - - - - - - -

- - fgdsedt - edits contents of fuel geometry datasets

- - Argument(s):
- - operation - flag for memory operation to perform (input)
- - lprefix - prefix for lattice geometry datasets (input)
- - lgdsnam - file descriptions for lattice geometry datasets (input)
- - ptrlgds - pointer to first element in list of fuel geo- (input)
- - datasets
_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variables
- - i - loop control variable

*/
short int i;

/* - Character Variable(s)
- - fn - filename for lattice geometry dataset
- - buffer - string used to manage output

ascii string fn, buffer;
/* - FILE Variable(s)
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- - nout - stream for output file
*/
extern FILE *nout;

/* - Structured Variable(s)
- - p - pointer to current element in list of fuel geometry datasets
- - 1 - pointer to current element in list of lattice gometry dataset
- - names

fg list *p * ptr-lg9ds;
ascii string *1 - lgdsnam;

/* - Loop Over all the Lattice Geometry Types - - - - - - - - - - - - -*
for( i - 1; i <a nlatticg; i++,p++,l++){

if(p->wrod 1. 0)
lines(20);

else
lines(22);

strcpy(fn,lprefix);
strcat(fn,*l);
fprintf(nout,*OValues from Lattice Geometry Dataset:\n ks\n,,fn);
fprintf(nout, O Variable Value Definition\n\nw);
sprintf(buffer," LATDIM k6i",p-ilatdim);
bufferpad(bufferstrlen(buffer),23);
strcat(buffer,wLattice Dimensionality\n");
fprintf(nout,buffer);
sprintf(buffer," NWR t6i",p->nwr);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,'Number of Water Rods\n");
fprintf(nout,buffer);
sprintf(buffer,o CTHICK t5.2f",p->cthick);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer, 'Channel Thickness (cm) \n);
fprintf(nout,buffer);
sprintf(buffer," ASIN t5.2fn,p->asin);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,nChannel Interior Span (cm)\no);
fprintf(nout,buffer);
sprintf(buffer," WGAP %5.2f',p->wgap);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer, Wide Gap Half-thickness (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," NGMP %5.2fn,p->ngap);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,'Narrow Gap Half-thickness (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," CRADIUS t5.2f",p->cradius);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Channel Corner Inner Radius (cm)\n");
fprintf(fnout,buffer);
sprintf(buffer," FSRD t5.2f",p->fsrd);
bufferpad(bufferstrlen(buffer),23);
strcat(buffer,"Clad Surface to Clad Surface Separation (cm)\nm);
fprintf(nout,buffer);
sprintf(buffer," CFSRD t5.2f',p->cfsrd);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer
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,"Clad Surface to Inner Channel Surface Separation (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," RPITCH t5.2f",p->rpitch);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Fuel Rod Pitch (cm)\n");
fprintf(nout,buffer);
sprintf(buffer,n COD %5.2f",p->cod);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Fuel Rod Cladding Outer Diameter (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," CLD t5.2f",p->cld);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,*Fuel Rod Cladding Thickness (cm)\n");
fprintf(nout,buffer)7
sprintf(buffer," POD t5.2f",p->pod);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,"Fuel Pellet Outer Diameter (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," FRCMAT tu",p->frcmat);
bufferpad(buffer,strlen(buffer),23);
strcat(buffer,'Fuel Rod Cladding Material Identifier\n");
fprintf(nout,buffer);
sprintf(buffer," FCMAT tsn,p->fcmat);
bufferpad(bufferstrlen(buffer),23);
strcat(buffer,"Fuel Channel Material Identifier\n");
fprintf(nout,buffer);
if(p->wrod I- 0.0)(
sprintf(buffer," WROD %S.2f",p->wrod);
bufferpad(buffer, atrlen(buffer),23);
strcat(buffer,"Water Rod Outer Diameter (cm)\n");
fprintf(nout,buffer);
sprintf(buffer," WRTH %5.2f",p-,wrth);
bufferpad(buffer, strlen(buffer),23);
strcat(buffer,"Water Rod Thickness (cm)\n");
fprintf(nout,buffer);)
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2.6. Deck Generation Routines

Function addurface

#include <stdio.h>
#include <string.h

typedef char ascii ,tringtl33j;

typedef struct su.list{
struct sul1ist *last;
int index;
ascii-string label;
ascii string value;
char mnemonic(4];
ascii string equivalent label;
struct sulist *next;

) surface usage list;

surface usage)list *load surface usage list(char3],int
,charU ,char73,char [,surface~usage).ist *);

void search surface-usagejist(int,charC],int *,charE],chart1
,charE],surface-usageist *);

void add surface(int operation,ascii string label,char mnemonic(4]
,FILE *lu8,FTLE *lu9,int *index,ascji string value
,surface usagelist *ptr surface usage,int *nsurface){

- - * a dd _s u r f a c e * adds surface to MCNP model

- - Argument(s):
opel

mM4

ration - operation to perform
(O - add new surface card,
1 - do not add new surface card)

label - Label Surface
Dmonic - MCNP mnemonic for surface (first edit only)

lug - Pointer to Scratch File Stream for Cell Def-
initions

lu9 - Pointer to Scratch File Stream for Surface
Definitions

index - Index for Surface
value - String Containing Values for Defining Surface

(input)

(input)
(input)
(input)

(input)

(iIo)
(input)

- - ptr surface usage
- - - Points to Surface Usage Linked List (input)
- - nsurface - total number of surfaces (ilo)

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - multiplier - multiplier on index for cell card
- - equivalent-index - index for equivalent surface

int multiplier - 1.0, equivalent index;
/* - Character Variable(s)

- - buffer - buffer for processing lines of output
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- - ptr buf - pointer to buffer
- - equivalentIlabel - label for surface with identical definition

*/
ascii string buffer, equivalent label ,
char *ptr buf;

/* - FILE Variable(s) - - - - - - - - - - - - - - - - - - - - - - - - -
--nout - pointer to output stream

*/
extern FILE *nout;

/* - Structured Variablels) - - --- - - - - - - - - - - - - - -
- - ptr sl - pointer to surface usage list

surface usage_1ist *ptr sl;
/* - For New Surfaces, write to Surface Accumulation Scratch File */
if(*index c 0) {
multiplier - -1;
*index - -(*index);)

if(operation *m o){
/*- Search for Equivalent Surface that has already been Defined */

search surface usage list(2, ,&equivalent index,value,mnemonic
,equivalent label,ptrsurface-usage);

ptr el - ptr surface usage;
while(ptr sl->next 1*: NULL) ptrsl * ptr-sl->next;
if(equivalent index m, 0){

(*nsurface)++;
*index - *nsurface;)

else
*index a equivalent index;

ptr sl a load surface usage list(label,*index,value,mnemonic
,equivalent-label,ptresl);

if(equivalent index - O){
fprintf(lu9,"c ts\n",label);
fprintf(lu9,Nt5i Ws ts\n",*index,mnemonic,value);)

/*- write Surface Definition to Cell Card in MCNP Input Deck - - - -
fprintf(luS," ni", (multiplier*(*index)));

/* - Write to Edit */
sprintf(buffer, t6i ts",(multiplier*C*index)),mnemonic);
bufferpad(buffer,strlen(buffer),59);
ptr buf , buffer+59*sizeof(char);
sprintf(ptr buf,"%s\n",label);
lines(l);
fprintf(nout,buffer);

}
Function augmentjatticefist

#include cstdio.h> .
#include cstring.h>

typedef char ascii string[1331;

typedef struct all(
struct all *last;
int basis lattice material index;
int lattice materialindex;
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struict all *next;
)augmented lattice list,

augmented lattice list *memory lattice list(int
,augmented latti~ce list )

void augment lattice list(int *nlatticm,int *lmvect,int *lgveCt
,int nlatticm ref 1int nlatticg~int nbundlm,int nbundlg,int naxial
, int *ptrn~spacer, int *ptr spacer-node
,augmented-lattice list *additional_lattices
,it *ptr correspondence table) {

*a u g me ntla t ti ce i s t * adds lattices incor-
porating spacer grids
into material lattice
loading vectors

-- Argument(s):
-- nlatticm, - total number of unique material lattice indices (i&o)

- 1-mtvect - material lattice loading vectors (i&O)
-- lgvect - geometrical lattice loading vectors (input)

-- nlatticm ref
- total number of unique material lattice indi- (input)

ces without augmentation for lattices incor-

nlatticq -

nbundlm -

nbundlg -

naxial -

ptrn .spacer

porating spacers
total number of unique geometrical lattice in-
dices
number of unique fuel assembly materials
number of unique fuel assembly geometries
number of axial nodes in problem

- - ~~number of spacer grids associated with each
geometrically unique fuel assembly

-ptrpa cer node
- - ~~nodal location of spacer grids for each geo-

metric fuel assembly type
-additional lattices

- - ~~linked list of additional lattices generated
to accormodate spacer grids

-ptr-correspondence-table

- - ~~table providing relationship between lattice
material indices and lattice geometrical in-
dices

I

(input)

(input)
(input)
(input)

(input)

(input)

(output)

(input)

-- Variable Declarations -----------------------
- - Integer Variable(s)
- - k - axial index for looping
- - n - uility loop variable
- - nglat - lattice geometry index
- - ngasm - fuel assembly geometry index

- - l~~mv - pointer to lattice material index list
- - ~~lgv - pointer to lattice geometry index list

--spacer~present - flag to indicate whether a spacer grid is present
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- - at this location

short int k,n;
int ngasm, spacer-present, nglat;
int *lmv - lmvect, *lgv;

/* - Structured Variable(s)
- - ptr al - pointer to additional lattice linked list

*/
augmented lattice list *ptr al - additionallattices;

/* - FILE Variable(s) - - - - - - - - - - - - - - - - - - - - - - - - -
--nout - pointer to output stream

*/
extern FILE *nout;

/* - Sweep through Material Assembly Types - - - - - - - - - - - - - -*
for(n a l;n -cm bundlm;n++)(

/* - Skip Fuel Assembly Index *J
lmv++;

/* - Sweep from Bottom of Assmbly to Top */
for(k * l;k cm naxial;k++,lmv++){

/* - Determine Corresponding Lattice Geometrical Index */
s short int i;
int *p * ptr correspondence table;
while(*p I- *lmv) (p++;p++;T
nglat - *(pl);

/* - Find Fuel Assembly Geometrical Type of which the Lattice Geometry
- - is a Member */

lgv = lgvect;
{ short int i,bkns;
int *ptr - ptrjnspacers
int *ptr-n - ptrspacerjnode;
ngasm * 0;
for(i - 1;i <- nbundlg;i++)

if(ngasm -. O){
/*- Skip Fuel Assembly Index */

lgv++;
for(bk m l;bk c. naxialtbk++,lgv++)

if(*lgv - nglat){
ngasm i;
break;)

else break;
*- Compare Nodes at which Spacer Grids are Located with Current Axial
- - Node Index */

spacer present - 0;
for(i a l;i c ngasm;i++,ptr++)
for(ns - l;ns cm *ptr;ns++,ptr_n++);

for(bk * 1;bk c- *ptr;bk++,ptr.n++)
if(kI* *ptr n){

spacer resent - 1;
break;)

/* - Determine whether this Lattice Incorporating a Spacer Grid has
- - already been defined *J

if(spacer present -= 1)-
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{ short int found, o, first -0o;
augmented lattice list *ptr next;
ptr al a additional lattices;
do(

if(firtt 1- 0) ptral - ptr al->next;
first - 1;
if (ptral-tbasis latticejmaterialjindex *- *lmv) {

found - 1;
*lmv - ptr al->lattice material-index;
break;)

while(ptr al->next Io NULL);
/* - Spacer Grid not already Defined, Augment Lattice List */

if(found , ){
ptr-al * additional-lattices;

/* - Check for First Entry in Linked List */
if(ptr al->lattice material index lo NULL){

while(ptr-al->next I- NILL) ptral * ptr al->next;
ptr next * memory lattice_list(l,ptr next);
ptrjnext->last - ptr al;
ptra ->next - ptr next;
ptr al - ptr next;j

( *nla~tticm) ++;-
ptr al->basis lattice material index - *lmv;
ptr al->lattice material index - *nlatticm;
ptr7al->next - NULL;
*lmv * *nlatticm;

}'

Function build-assemblies
#include <stdio.h>
# include <string.h
typedef char ascii string[1331;

typedef struct su-list{
struct su list *last;
int index;
asciistring label;
ascii string value;
char mnemonic [43;
ascii string equivalent label;
atruct 6u list *next;

- surface usage list;

void add cell(charCl,charll,FILE *,int *,int,float,int *);
void add surface(int,char[l,charl],FILE *,FILE *,int *,char[]

,surface-usagelist *,int *);
void lines(int);
void search surface usage list(intchart],int *,char]l,chart]
,charf1,surface_usagelist *);
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void build assemblies(int *ncellint *nuniverseFILE *lu8,FILE *1u9
,surface usagelist *ptr surface usageint **ptr-ufa
,int nbundlm,int *lmvectint naxialint *ptr uflint *nsurface
,int *ptr njnode,float *ptr node boundaries,int *lgvect
,int *ptr-correspondence tableint nlatticmint nbundlg){

-- * b u i 1 d a s s e m b l i e s * builds fuel assemblies from
constituent lattices

- Argument (a):
- ncell - number of cells in MCNP model
- nuniverse - number of "universes" in MCNP model
- lue - stream pointer for scratch file for cell

definition accumulation
- 1u9 - stream pointer for scratch file for surface

definition accumulation
- ptr surface usage
- - linked list for surfaces already defined in

the problem
- ptr ufa - vector with universe indices for unique fuel

assembly types
- nbundlm - number of unique fuel assembly types
- lmvect - vector containing assignment of lattice mat-

erial indices to fuel assembly material indi-
ces %

- naxial - number of axial nodes
- ptr ufl - vector with universe indices for unique lat-

tice types
- nsurface - total number of surfaces
- ptr n node - number of axial nodes for each geometrical

fuel assembly type
- ptr node boundaries
- - locations of tops of axial nodes for each

geometrical fuel assembly type
- lgvect - vector containing assignment of lattice geo-

metrical indices to fuel assembly material
indices

- ptr correspondence-table
- - tables relating lattice material indices to

lattice geometrical indices
- nlatticm - number of unique material lattice types
- nbundlg - number of unique geometrical fuel assembly
- * types

(input)
(input)
(input)

(input)

(input)

(output)

(input)
(input)

(input)
(input)

(input)
(input)

(input)

(input)

(input)

(input)
(input)

Variable Definition(s) - - - - - - - - - - - - - - - - - - - - - -
Integer Variable(s)

i - utility loop variable
n - loop variable
k - loop control for axial location

index - utility index variable
ngasm - index for geometical assembly type

lmv - pointer to lmvect vector
ptr-lmv - second pointer to lmvect vector
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- - ptr table - pointer to correspondence table
- - ptrjn - pointer to vector containing number of axial nodes
- - for each geometrically unique fuel assembly
- - p - pointer to **ptr ufa vector

*/
short int i,n,k;
int index, ngasm, *lmv . lmvect, *ptr-lmv , lmvect;
int *ptr lgv - lgvect;
int *ptr n - ptr~nnode;
int *ptr~table - ptr correspondence table;
int *p * *ptrufa;

/*- Float Variable(s)
- - ptr-nb- pointer to array containing the axial locations for
- - tops of axial nodes for each geometrically unique
- - fuel assembly

*1
float *ptrnb * ptr node boundaries;

- Character Variable(s)
- - label - label for cell, surface or material
- - mnemonic - mnemonic for surfaces
- - material - name of material
- - value - string for defining surface definition

*/
char mnemonic[43;
ascii string label, material, value;

/* - FILE Variable(s)
- - nout - pointer to code output file

*1
extern FILE *nout;

/* - Loop Over Unqiue Fuel Assemblies in the Core - - - - - - - - -*
for(n * l;n <= nbundlm;n++){

(*nuniverse)++;
/* - Determine the Fuel Assembly Geometrical Index Corresonding to this

- - Fuel Assembly Material Index; Start by Locating the Bottom Node
Material Lattice Index in Correspondence Table */

for(i = l;i c n;i++)
for(k a l;k <m naxial;k++) ptr lmv++;

for(i - l;i <- nlatticm;i++)
if(*ptr table .. *ptrlrnv) break;
else {ptr table++; ptr table++;}

/* - Determine the Fuel Assembly Geometrical Type of which the Lattice
- - Geometrical Type is a Member */

ngasm - 0;
ptr lgv * lgvect;
for(i , Iji c- nbundlg;i++)(

for(k * l;k <, naxial;k++)
if(*ptrlgv m*- ptr table)(
ngasm a i;
break;)

else
ptr-lgv++;

if(ngasm I- 0) break;

ptr n * ptr n node;
ptrinb - ptr node boundaries;
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for(i . 1;i < ngasm;i++){
for(k * l;k <- *ptr n;k++) ptrjnb++;
ptr n++;)

/* - Loop Over all the Nodes in an Assembly */
for(k , l;k <- naxial;k++){

/* - Cells for Axial Nodes */
sprintf(label,"Axial Node Vi for Fuel Assembly ti 4,k,n);
strcpy(material,"void");
add cell(label,material,luS,ncell,0,0.0,nuniverse);

/* - Surfaces for Node Boundaries */
if(k I- 1) {
sprintf(label,"Top of Node ti",(k-l));
search surface usage list(1,label,&indexK, n ,"" N

,ptr surface usage);
if(index *- u)r

lines(3);
fprintf(nout,bo*** F a t a 1 E r r o r *** Function");
fprintf(nout,n populate control-cells --\nn);
fprintf(nout
," Surface not Found in Linked List, label , ts\n"
,label);)

add surface(l,label,"",luS,1u9,&index, ",ptr surface usage
,nsurface);

if(k Ir naxial){
sprintf(label,"Top of Node ti",k);
search surface usage listt(l,label,&index, ","","'
,ptr surface usage);

if (index *, ou)
strcpy(mnemonic,"pz");
sprintf(value,"tlO.4E",*ptr nb);
index * -1;
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptrsurface usage,nsurface);}

else{
index * -index;
add surface(l,label, ",luS,lu9,&index, "",ptrsurface usage
,nsurface);}

ptrjnb++;

fprintf(lu8,"\n");
{ short int nn;
int *1 a lmv;
$nt *p - ptr-ufl;
1++;
for(nn a l;nn c k;nn++,l++) continue;
for(nn * l;nn < *l;nn++,p++) continue;
fprintf(lue," fill- ti\n",*p);
fprintf(lu8," u- ti imp:n, l.0\n",*nuniverse);

/* **ptr ufa - *nuniverse; */
*p - *nuniverse;
P++;
for(k - l'k <- (naxial+l);k++) lmv++;

}
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Function ge7x7_1attice
#include cstdio.h>
#include cstring.h>
typedef char ascii stringt1331;
typedef struct ascii record(

struct ascii record *last;
ascii string line;
struct ascii record *next;

) a record;
typedef struct smaterial {

struct s-material *last;
int atomic number;
int mass number;
float weight-percentage;
char library suffixCS];
struct 9-material *next;

} 11material;

typedef struct u-list{
struct u list *last;
int index;
ascii string label;
struct u-list *next;

} usage_list;

typedef struct su_list{
struct au list *last;
int index;
ascii string label;
ascii string value;
char mnemonic 141;
ascii string equivalent label;
struct sul1ist *next;

} surface usage list;

void add cell(char[],chartl ,FILE *,int *,int,floatint *);
void add surface(int,char[ 1,chart],FILE *,FILE *,int *,char(]
,surfaceusage-list *,int *);

void add mnaterial(FILE *,int *,chart U,int,11 material *);
11 material *material match(a record *,char[],float *,int *);
usage list *load usage list(charCl ,int,usage list *);
surface usagelist *load surfaceusagelist (char 1, int

, char t,char[ 1,char tl,surfaceyusage16ist *);
void abortO,
void lines(int);
void search usage list(int,chart],int *,usage 1ist *);
void search surface usage list (int, char C],int *, char , chart
,char t],surfaceusage list *);

void add like but(charo],char[t,FILE *,int *,charlint,int *);

void ge7x7 lattice(float cthick,float asin,float wgap,float ngap
,float cradius,float fsrd,float cfsrd,float rpitch,float cod
,float cd,float pod,char frcmat]lchar fcmattl,int latdim,int nft
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,int *lattice,int *ncell,int *nmaterial,FILE *lu8,FILE *lu9
,FILE *lulO,surface usage list *ptr surface-usage
,usage list *ptr material usage,float inchannel-density
,float bypass density,int *nljiversefloat *fpdensity
,ascii string matdsnamll material *fmids,a record *ptr core mtls
Hint niat,int *uflint *nsurface,char inchannel material CT])

-- * g e 7x7 I a t t i c e * Create'Lattice Model for GE 7x7
Lattice Model

Argu

I

1.

nmat

ient(s):
.thick - Channel Thickness (cm)
asin - Inner Span of Channel (cm)
wgap - wide Gap Thickness (cm)
ngap - Narrow Gap Thickness (cm)

,adius - Inner Radius of Channel Corner (cm)
fard - Clad Surface to Clad Surface Separation

(cm)
cfard - Clad Surface to Inner Channel Surface

Separation (cm)
rpitch - Fuel Rod Pitch (cm)

cod - Cladding Outer Diameter (cm)
cld - Cladding Thickness (cm)
pod - Fuel Pellet Outer Diameter (cm)

Ercmat - Material Identifier for Fuel Rod Cladding
fcmat - Material Identifier for Channel

.atdim - Lattice Dimensionality
nft - Number of Unique Fuel Rod Types

Lttice - Fuel Rod Type Map
ncell - number of MCNP cells
:erial - number of MCNP materials

lus - stream pointer to scratch file for cell do
itions

lu9 - stream pointer to scratch file for surface
definitions

lulO - stream pointer to scratch file for materiA
definitions

Wef in-

D

(input)
(input)
(input)
(input)
(input)
(input)

(input)

(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)

(i&o)
(i&o)

(input)

(input)

(input)

(input)

(input)

(input)

(input)
(i&o)

(input)
(input)
(input)

(input)

(input)

ptr surfaceusage
- list of defined surfaces

ptr material usage
- list of defined materials

inchannel density
- density for in-channel moderator (g/cc)

bypass-density
- density for bypass moderator (g/cc)

nuniverse - number of MCNP "universes
fp density - density for fuel pellets

matdsnam - name for fuel intermediate material dataset
fmids - linked list for fuel material composition

ptr coremtls
- pointer to linked list containing core mat-

erial definitions
nlat - index for unique lattice for which to create

MCNP lattice model
*ufl - index for universe that contains the entire (input)
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_ - lattice representation
- - nsurface - total number of surfaces (input)
- - inchannel material
- - - mnemonic for inchannel moderator material (input)

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - n - index for loops
- - len - length of ascii strings
- - index - utility variable for indices
- - n entries - number of entries in linked list for fuel material
- - ufr - universe index for first fuel rod
- - ufrl - universe index for fuel rod window lattice
- - uchan - universe index for channel and contents
- - cchan - cell index for channel
- - cwic - cell index for area inside channel
- - ncpellet - cell index for reference fuel pellet
- - ncgap - cell index for reference fuel/cladding gap
- - ncclad - cell index for reference cladding
- - ncwater - cell index for water outside of reference fuel rod

*/
short int n;
int len w 132, length, index;
int n entries;
int ufr, ufrl, uchan;
int cchan, cwic;
int ncpellet, ncgap, ncclad, ncwater;

/* - Float Variable(s)
- - spor - reference fuel pellet outer surface
- - scir - reference cladding inner surface
- - scor - reference cladding outer surface
- - xminfrw - XMIN surface for fuel rod window
- - xmaxfrw - XMhX surface for fuel rod window
- - yminfrw - XMIN surface for fuel rod window
- - ymaxfrw - YMAX ourfacr for fuel rod window
- - wgcowx - wide gap, channel outside wall, px surface
- - wgciwx - wide gap, channel inside wall, px surface

* - - ngciwx - narrow gap, channel inside wall, px surface
- - ngcowx - narrow gap, channel outside wall, px surface
- - wgcowy - wide gap, channel outside wall, py surface
- - wgciwy - wide gap, channel inside wall, py surface
- - ngciwy - narrow gap, channel inside wall, py surface
- - ngcowy - narrow gap, channel outside wall, py surface
- - xambiql - ambiguity surface for channel corners (wide gap)
- - xambig2 - ambiguity surface for channel corners (narrow gap)
- - yambigi - ambiguity surface for channel corners (wide gap)
- - yambiS2 - ambiguity surface for channel corners (narrow gap)

- ccro - outer radius for channel corner
- - ccri - innner radius for channel corner
- - cclx - center for channel corner 1
- - ccly - center for channel corner I
- - cc2x - center for channel corner 2
- - cc2y - center for channel corner 2
- - cc3x - center for channel corner 3
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- - cc3y - center for channel corner 3
- - cc4x - center for channel corner 4
- - cc4y - center for channel corner 4
- - density - density for material
- - x ofset - x-offset for fuel rod centering to base lattice position
- - y ofset - y-offset for fuel rod centering to base lattice position

*/
float spor, scir, scor,xminfrw,xmaxfrw,yminfrw,ymaxfrw,wgcowx,wgciwx

,ngciwx, ngcowx, wgcowy, wgciwy,ngciwy,ngcowy,xambigl,xambig2,yambigl
,yambig2,ccro,ccrcclx, cclycc2x,cc2y,cc3x,cc3y,cc4x,cc4y;

float density,2xofset,y ofset;
/* - Character Variable(s)

- - label - label for cell or surface
- - material - label for cell material for output edit
- - mnemonic - MCNP mnemonic for surface definition
- - value - surface defintion values in string form
- - mdsnam - working pointer for lattice material intermediate
- - dataset name

*/
char mnemonic[41;
asci istring label,material,value;

/* - FILE Variable(s)
- - nout - output file

extern FILE *nout;
/* - Structured Variable(s)

- - ptrjmtl - pointer to material definition linked list

Limaterial *ptr-mtl;
/* - Compute Surfaces for Lattice - - - - - - - - - - - - - - - - - -
spor a pod/2;
scir = (cod/2)-cld;
scor a cod/2;
xminfrw a -rpitch/2;
xmaxfrw - rpitch/2;
yminfrw - -rpitch/2;
ymaxfrw - rpitch/2;
wgcowx - wgap;
wgciwx = wgap+cthick;
ngciwx * wgap+cthick+asin;
ngcowx * wgap+(2*cthick)+asin;
wgcowy -wgap;
wgciwy * -(wgap+cthick);
ngciwy * -(wgap+cthick+asin);
ngcowy -(wgap+(2*cthick)+asin);
xambigl * wgap+cthick+cradius;
xambig2 w wgap+cthick+asin-cradius;
yambigl = -(wgap+cthick+cradius);
yambig2 a -(wgap+cthick+asin-cradius);
ccro - cradius+cthick;
ccri * cradius;
cclx - wgap+cthick+cradius;
ccly * -(wgap+cthick+cradius);
cc2x w wgap+cthick+asin-cradius;
cc2y * -(wgap+cthick+cradius);
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cc3x a wgap+cthick+asin-cradius;
cc3y * -(wgap+cthick+asin-cradius);
CC4X * wgap+cthick+cradius;
cc4y - -(wgap+cthick+asin-cradius);

t* - compute offset to move fuel rod to reference location *1
x-ofset - wgap+cthick+cfsrd+(cod/2);
y ofset - -x ofset;

/* - Build Lattice Model Starting with Fuel Pellet - - - - - -
for( n - 0; n c nft; n++){

(*nuniverse)++;
ifln -- 0) ufr - *nuniverse;

*- Pellet Cell */
sprintf(label,"Fuel Pellet, %i, Lti",(n+l),nlat);
sprintf(material,ts (%i) ,matdsnam,(n+1));
searchjusage list(l,material,&index,ptr material usage);
ifn -0)
if(index *- 0)-

I*nmaterial) ++;
add cell(label,material,luS,ncell,*nmaterial,-(*fpidensity)
,nuniverse);

n entries - 12;
else(

add cell(label,material,lu8,ncell,index,-(*fp~density)
,nuniverse);

n entries a 0;)
ncpellet *ncell;)

else{
if(index -0)

(*nmaterial)++;
sprintf(value,"mat- ti rho= t10.4E"

,*nmaterial, - (*fp-density))t
n entries * 1;)

else{
sprintf(value,"mat. ti rho- %10.4E"
,index,-(*fp desity));

n-entries * 0;)
add like but(label,material,luB,ncell,value,ncpellet

,nuniveree);)
if(index -m 0){

{ usage).ist *ptr ml a ptr material usage;
while(ptr ml->next I- NTLL) ptrjml - ptrnIl->next;
index * (ptr ml-Aindex)+_;
ptr ml * load usage_list(material,index,ptr-ml);

fpdensity++;
/* - Pellet Surface *1

if(n -- 0)(
strcpy(label,"');
sprintf(label,"Fuel Pellet Outer Surface, #Vi, Lti"
,(nel),nlat);

strcpy(mnemonic, c/z");
strcpy(value,"");
sprintf(value,%tl0.4E l0.4E V10.4E,,x-ofset,y ofset,spor);
index - -1;
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add surface(Olabelmnemonicluslu9,&indexvalue
,ptrsurface usagensurface);

/* - Pellet Materials */
sprintf(label,"ts (tiY-",matdsnam,(n+l));

/* - Determine number of entries in Linked List */
if(n entries -1

( 11 material *f - fmids;
do{
f a f-2next;
n entries++;)

while(f->next in NULL);

add material(lulo,nmaterial,label,n entries,fmids);

if(n < (nft+l)) fmids++;
fprintf(1u8," um %i imp:n- l.O\n",(ufr+n));

/* - Fuel/Cladding Gap - - - - - - - - - - - - - - - - - - - - - - -
/* - Cell */

sprintf(label,wFuel/Cladding Gap, #%i, LUi*,(n+l),nlat);
strcpy(material,ovoid");
if(n a-= )(
add cell(label,material,luS,ncell,0,0.0,nuniverse);
ncgap - *ncell;)

else
add likebut(label,material,luB,ncell, "',ncgap,nuniverse);

/*- Surfaces */
if n -- 0)

sprintf(label,"Fuel Pellet Outer Surface, #ti, Lii",(n+2l),nlat);
search surface usage list(l,label,&index, n ", "", "
,ptr surface usage);

if(index *- O)(
lines(3);
fprintf(nout,NO*** F a t a 1 E r r o r *** Function");
fprintf(nout,' ge7x7_lattice --\n");
fprintf (nout

, Surface Not Found in Linked List, label , ts\n',label);
aborto,)

add-surface(1,label, ",1ue,lu9,&index,"",ptr surface usage
,nsurface);

sprintf(label,uFuel Cladding Inner Surface, #ti, Lii",(n+l),nlat);
strcpy(mnemonic,wc/z");
index - -1;
sprintf(value, "%O.4E 10.4E %10.4Ewx-ofset,y ofset,scir);
add surface(O,label,mnemonic,lu8,lu9,&index,value
,ptrsurface-usage,nsurface);

J* - Material -- void used */
fprintf(lue," un ti imp:n- l.O\n*,(ufr+n));

J* - Cladding - - - - - - - - - - - - - - - - - - - - - - - - - - -*
/* - Cell *J

sprintf(label,"Cladding, #ii, LUii,(n+l),nlat);
stropy(material,frcmat);
if(n O ){

search usage list(l,frcmat,&index,ptr material usage);
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n_entries * 0;
if(index -0)

{ usage list *ptr ml;
ptr mtl -

material match(ptr corejmtls,frcmat,&denrity,&n entries);
(*nmaterial) +;
ptr ml .- ptr-material usage;
while(ptr ml->next in NULL) ptr ml - ptr ml->next;
index * (ptrjnl->index)+l;
ptrml * load usage list(frcmat,index,ptr ml);

else{
(void) material match(ptr core mtls,frcmat,&density,&nentries);
n entries * 0;)

add cell(label,material,luS,ncell,index,-density,nuniverse);
neclad . *ncell;)

else
addlike but(label,material,luS,ncell, u,necladnuniverse);

/*- Surface~s) */
if(n *- -)(

sprintf(label,"Fuel Cladding Snner Surface, #ti, Li",(n+l),nlat);
search surface usage list(1,label,&index,"", ",w ""
,ptr surface usage);

if (index mm o-
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\nni);
fprintf(nout

," Surface Not Found in Linked List, label * ts\n",label);
aborto0;)

add surface(1,label, ",luS,1u9,&index, ",ptr surface usage
,nsurface);

sprintf(label,"Fuel Cladding Outer Surface, #ti, Li",(n+l),nlat);
strcpy(mnemonic,"c/z");
index - -1;
sprintf(value,"tI0.4E t10.4E %10.4E",x-ofset,y ofset,scor);
add surface(0,label,mnemonic,luS,1u9,&index,value
,ptr surface-usage,nsurface);

/*- Material */
if(n - Of

ifln entries I- 0)(
add material(lulO,nmaterial,frcmat,n entries,ptr mtl);
rollup llm(ptr mtl);
n entries * o;j

fprintf(lu8, um- i imp:n- 1.0\n",(ufr+n));
/*- Water Outside of Outer Surface of Cladding - - - - - - - - - -
/*- Cell */

sprintf(label,"Water Outside Cladding #M, Li", (n+l),nlat);
strcpy(material,inchannelmaterial);
if(n a 0){
search usagelistCl,material,,index,ptr material usage);
if(index wm 0){
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lines (3);
fprintf(noutUo*** F a t a 1 E r r o r *** Functiono);
fprintf(nout," ge7x7_lattice --\n-);
fprintf '(nout

, Material Not Found in Linked List, material - ts\n",label);
aborto;)

add cell(label,material,luS,ncell,index,-inchannel density
,nuniverse);

ncwater - *ncell;)
else

add like but(label,material,lu8,ncell, "",ncwater,nuniverse);
/*- Surface *7

if(n *- o)-
sprintf(label,"Fuel Cladding Outer Surface, Oi, Xli",(n+l),nlat);
searchsurface usagelist(l,label,&index,", n o nu

,ptr surface usage);
if(index -- 0){

lines(3);
fprintf(nout, O*** F a t a 1 E r r o r *** FunctionN);
fprintf(nout," ge7x71lattice --\no);
fprintf(nout

,n Surface Not Found in Linked List, label r ts\n",label);
abortt;.)

add surface (l,label, n, lue, 1u9 ,&index, "" ,ptr surfaceusage
,nsurface);

}
/*- Materials */
/* - In-channel Material should already exist as a material */

if(n mm 0) fprintf(lu8,o\n");
fprintf(lue,n u- ti imp:n- 10\n",(ufr+n));

f* - Create Lattice for Fuel Assembly and Populate with Previously
- - Defined Fuel Rod Universes - - - - - - - - - - - - - - - - - -
/* - Cell */
sprintf(label,.Reference Fuel Rod Cell, Ltio,nlat);
strcpy(material,inchannel jaterial);
6earch usage list (1,material,Lindex,ptr material usage);
if(index am 0){.
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r * Function");
fprintf(nout,n ge7x7_lattice --\nn);
fprintf(nout
,* Material Not Found in Linked List, material * %s\n",label);

aborto;);
(*nuniverse)++;
ufrl s *nuniverse;
add cell(label,material,luS,ncell,index,-inchannel density
,nuniverse);

/* - Surfaces */
sprintf(label,OXMAX Surface for Fuel Rod Window, Lti" ,nlat);
strcpy(mnemonic, opx");
index - -1;
sprintf(value, %t0.4E",(xmaxfrw+x ofset));
add surface(0,label,mnemonic,luS,1u9,&index,value
,ptr-surfaceyusage,nsurface);
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sprintf(label, "XMIN Surface for Fuel Rod Window, Lti",nlat);
strcpy (mnemonic, "PX);
'index - 1;
sprintf(value,"*O .4E",(xminfrw+xofeet));
add surface(o,label,mnemonic,luS,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"YMIN Surface for Fuel Rod Window, Lti",nlat);
strcpy(mnemonic, "py");
index - 1;
sprintf(value,"%10 4E",(yminfrw+yofset));
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label,"YMAX Surface for Fuel Rod Window, Lio,nlat);
strcpy(mnemonic,1"py");
index - -1;
sprintf(value,"%lO.4E",(ymaxfrw+y ofset));
add surface (0,label,mnemonic,luS,lu9,&index,value
,ptr-surface-usage,nsurface);

fprintf(lue," lat- 1 u * ti imp:n- 1.0\n",*nuniverse);
fprintf(lue," fill- -1:1i -1:%i 0:0\nl
,latdim,latdim);

lines(latdim+l);
fprintf(nout," Universes Filling the Lattice:\nl);
{ short lnt ij;
int *plattice - lattice;
fprintf(lu8," t);
for(j - O;j <= (latdimil);j++) fprintf(lu8,"%3i ",*nunlverse);
fprintf(lue,"\n");
for(i - l;i c- latdim;i++){

fprintfCluB," t3i ",*nuniverse);
fprintf(nout,"
for(j a 1;j c- latdim;j++,plattice++)(
fprintfClu6, t3i ",(*plattice+ufr-l));
fprintf(nout,"t3i ",(*plattice+ufr-2));}

fprintf(luB,wt3i\n",*nuniverse);
fprintf(nout,"\a");)

fprintf (lue," I1
for(j - O;j <. (latdim+l);j++) fprintflluS,"t3i ",*nuniverse);
fprintfClu8,"\n");

/* - Create Channel Model and Populate with Lattice - - - - - - - -*
/* - Channel - - - - - - - - - - --- - - - - - - - - - - - - - - - - *

/* - Cell */
(*unijverse) ++;
uchan - *nuniversei
sprintf(label,"Channel, Ltim,nlat);
search usagelist (1,fcmat,&index,ptr material usage);
n entries - 0;
if(index 0){

{ usage list *ptr-ml;
ptr mtl *
materialmatch(ptr core mtls,fcmat,&density, &nentries);
I*nmaterial)++;
ptr ml * ptr materialyusage;
whilelptr ml->next i- NULL) ptr-ml * ptr.ml->next;
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index * (ptrM1-->index)+l;
ptr ml * load usage list(fcmat,index,ptr ml);

else(
(void) material-match(ptr core mtls,fcmat,&density,&n entries);
n entries - 0;

add cell(label,fcmat,lu8,ncell,index,-density,nuniverse);
cchan a *ncell;

t* - Surfaces */
fprintf(lu8,n (U);
sprintf(label,"Wide Gap, Channel Outside Wall, pX Surface, L%i"
,nlat);

strcpy(mnemonic,"px");
index * 1;
sprintf(value,"%10.4E",wgcowx);
add surface(0,label,mnemonic,luS,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Wide Gap, Channel Inside Wall, pX Surface, LtiM

,nlat);
strcpy(mnemonic, "px");
index * -1;
sprintf(value;,"%l0.4E",wgciwx);
add surface(0,label,mnemonic,lu8,,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti-
,nlat);

strcpy(mnemonic,Upy*);
index = -1;
sprintf(value, %10.4E",yambigl);
add surface(0,label,mnemonic,luS, 1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label
"'Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"

,nlat);
strcpy(mnemonic,*pYy);
index = 1;
sprintf (value,It10.4E",yambig2);
add surface(0,label,mnemonic,luS,1u9,&index,value
,ptrsurface usage,nsurface);

fprintf(lu8,") :(n;
sprintf(label,uWide Gap, Channel Outside Wall, pY Surface, LtiR
,nlat);

strcpy(mnemonic, npy");
index * -1;
sprintf(value,"t10.4EH,wgcowy);
add surface(0,label,mnemonic,lus,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Wide Gap, Channel Inside Wall, pY Surface, LUi"
,snlat) S

strcpy(mnemonic, "pYn);
index * 1;
sprintf(value,"tl0.4E",wgciwy);
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add surface(olabelmnemonicluBlu9,&indexvalue
,ptr-surface-usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Li"
,nlat);

strcpy(mnemonic, "pxc);
index a 1;
sprintf(value,"1lo.4E",xambigl);
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surfaceusage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Li"
,nlat);

strcpy(mnemonic,"px");
index - -1;
sprintf(value,"%10.4E",xambig2);
add surface(O,label,mnemonicluS,1u9,Lindex,value
,ptr surface-usage,nsurface);

fprintf(lue,"):\n");
fprintf(lu8," (N);
sprintf(label,"Narrow Gap, Channel Inside Wall, pY Surface, Ltii
,nlat);

strcpy(mnemonic,"py");
index - -1;
sprintf(value,"%l0.4E",ngciwy);
add surface O,label,mnemonic,luS,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label,"Narrow Gap, Channel Outside Wall, pY Surface, Li"
,nlat);
strcpy (mnemonic, Npy");
index a 1;
sprintf(value, %l0.4E*,ngcowy);
add surface(O,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);

sprintf label
,"Ambiguity Surface for Channel Corners (Wide Gap), px, Ltii
,nlat);

search -surface usage_list(1, label,&index,"", ", "n
,ptr surface usage)l

if (index *- 0){
lines(3);
fprintf(nout,u0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice -- \n");
fprintf(nout

," Surface Not Found in Linked List, label * %s\nolabel);
aborto;)

add surface (1,label,m",luS,1u9,&index, ",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Li±
,nlat);

search surface usage list(1,label,&index," ,N","
,ptr surface usage);

if (index -- 0)
lines(3);
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fprintf(nout,uO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice -- \nn);
fprintf(nout
,' Surface Not Found in Linked List, label - ts\n",labei);

abortl);)
index - -index;
add sur.face(,label, ",lu, lu9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8, '):(");
sprintf (label

,"Narrow Gap, Channel Inside Wall, pX Surface, Lti"
,nlat);

strcpy(mnemonic,"pxn);
sprintf(value,"t10.4E",ngciwx);
add surface(O,label,mnemonic,luG,lu9,&index,valueptr surface usage
,nsurface);

sprintf(label
,"Narrow Gap, Channel Outside Wall, pX Surface, Lti"
,nlat);

strcpy(mnemonic,1px");
sprintf(value,"t10.4E",ngcowx);
index * -1;
add surface(O,label,mnemonic,lus,1u9,&index,valueptr surface usage

,nsurface);
sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, LMi"
,nlat);

search surfaceusage_list(l,label,&index,"","",""
,ptr surface usage);

if(index * O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

,* Surface Not Found in Linked List, label - ts\n",label);
abort();)

add surface(l,label,"",luB,luS,&index,"",ptr surface usage
,nsurface);

sprintf(label
,Ambiguity Surface for Channel Corners (Wide Gap), pY, LUP
,nlat);

search surface usagelist(1,label,&index, n"", n ,n
,ptr surface usage);

if(index * =){

lines(3);
fprintf(nout,fO*** F a t a 1 E r r o r *** Function");
fprintf(nout,* ge7x7_lattice --\n");
fprintf(nout

Surface Not Found in Linked List, label a ts\n' ,label);
aborto);)

index - -index;
addsurface(l,label, ",luG,1u9,&index,"n,ptr surface usage
,nsurface);

fprintf (lu8, n):\n");

fprintf(lue,n
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/* - Channel Corners */
/* - Northwest Corner */

sprintf(labelachannel Corner outer Radius (NW), Ltin
,nlat);

strcpy(mnemonic,"c/zN);
index , -1;
sprintf (value, "%10.4E t10.4E tU0.4E",cc1x,ccly,ccro);
add surface(o,label,mnemonic,luB,lu99,&index,value
,ptrsurface usage,nsurface);

sprintf(label,"Channel Corner Inner Radius (NW), LVW"
,nlat) ;

strcpy(mnemonic, "c/z);
index = 1,
sprintf(value,"tl0.4E S10.4E %10.4E",cclx,ccly,ccri);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lki"
,nlat);

search surface usagelistCl,label,&index," n H, l"n

,ptr surface-usage);
if (index -- 0){

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_1attice --\n");
fprintf(nout

," Surface Not Found in Linked List, label * ts\n*,label);
aborto;}

add surface(l,label, ",luS,1u9,&index,"',ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, LUi
,nlat);

search surface usage list(1,label,&index,n","','"
,ptr surface usage) ;

if(index *-O)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label * Is\n",label);
abort();)

index , -index;
add surface(l,label, ",luB,1u9,&index, "',ptr surfaceyusage
,nsurface);

fprintf CluB, m): ")
/* - Northeast Corner */

sprintf(label,"Channel Corner Outer Radius (NE), L%i"
,nlat);

strcpy(=nemonic,vc/z");
index a -1;
sprintf (value,"t10.4E S10.4E t10.4E",cc2x,cc2y,ccro);
add surface(0,1abelmnemonic,1u8,lu9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Channel Corner Inner Radius (NE), Lti"
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,nlat);
strcpy(mnemonic, "c/z") ;
index - 1;
sprintflvalue,"WiO.4E t10.4E t10.4E" ,cc2x,cc2y,Ccri);
add surface(olabelmnemonicluS,lu9,Lindexvalue
,ptr-surface usage,neurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search surface usagelist(,llabel,&index,"",U"",""
,ptr surface_usage);

if(index m- 0){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout,' ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
abortol;)

add surface(l,label,"',luB,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Ltiw
,nlat);

search surface usage _list(llabel,&index, Sfll ,I",
,ptr surface usage);

if(index *-
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function,);
fprintf(nout," ge7x7 lattice --\n");
fprintf (nout
,"-Surface Not Found in Linked List, label * %s\n",label);

aborto0;)
addsurface(1,label,"" n lu8 lu9 ,&index, ""5ptr surface usage
,nsurface);

fprintf luS,") :\n");
fprintf(luB," (U);

/* - Southeast Corner /
sprintf(label,"Channel Corner Outer Radius (BE), Lti"
,nlat);

strcpy(mnemonic,"c/z,);
index * -1;
sprintf(value,"*10.4E %10.4E %10.4E",cc3x,cc3y,ccro);
add surface(0,label,mnemonic,1u8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf (label, "Channel Corner Inner Radius (SE), Lti
,nlat);

strcpy(mnemonic,"c/z");
index * 1;
sprintf(value, "%10.4E %10.4E %10.4E",cc3x,cc3y,ccri);
add surface(0,label,mnemonic,luB,lu9,Lindex,value
,ptr surface usage,nsurface)j

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

search surface usagelist(1, label,&index,n nn"oH
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,ptr surface usage)-;
if(index -- 0){
lines(3);
fprintf(nout,*O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - ts\n",label);

abort 0;)
add surface(l,label-,I" ,luS*lu9, index,"",ptr surface-usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"
,nlat)i

search surface usage list(1 ,label,&index, "",",""
,ptr surface usage);

if (index *- m )m
lines(3);
fprintf(nout,*O*** F a t a 1 E r r o r *** Function");
fprintf(nout,w ge7x7_1attice --\nu);
fprintf(nout
, Surface Not Found in Linked List, label - ts\n"Jabel);

abort );)
index - -index;
addsurface(1,label, ",1u8, 1u9,&index, '",ptr surface usage

,nsurface);
fprintfu8,") t

/* - Southwest Corner */
sprintf(label,"Channel Corner Outer Radius (SW), LUii
,nlat);

strcpy(mnemonic,"c/z');
index - -1;
sprintf(value, "n 10.4E %10.4E %10.4E",cc4x,cc4y,ccro);
add surface(O,label,mnemonic,lus,1u9,&index,value
,ptr surface usage,nourface);

sprintf(label,"Channel Corner Inner Radius (SW), Ltii"
,nlat);

strcpy(mnemonic,"c/zn);
index = 1;
sprintf(value,"10.4E t10.4E t10.4E",cc4x,cc4yccri);
add surface(O,label,mnemonic,1lu,lu9, index,value
,ptrsurface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"
,nlat);

search surface-usage._list(1,,label,&index,"","","'
,ptr surface usage);

if (index *m 0)
lines(3);
fprintf(nout,'0*** F a t a 1 E r r o r F** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label a ts\n",label);

abort() ;)
index - -index;
addsurface(l,label, "", luG,1u9,&index, "",ptr surface usage
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,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nZlat);

search_surface-usage list(l,label,&index, ", nil , *"

,ptr surface-usage);
if (index -m O)

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7)lattice --\n");
fprintf (nout

," Surface Not Found in Linked List, label * ts\n",label);
abort 0;)

index * -index;
add surface(1,label,"",luS,lu9,aindex,"",ptr surface usage
,nsurface);

fprintf(lu8, n)\n");
fprintf(luS," u, %i imp:n. 1.O\n",uchan);

/* - Materials */
ifn entries I- O)f
add material(lulO,nmaterial,fcmat,n entries,ptr mtl);
rollup_llm(ptrmtl);
n entries - O;)

/* - Area Inside the Channel - - - - - - - - - - - - - - - - - - - -
/* - Cell */
sprintf(label,"Active Fuel Area, Lti",nlat);
strcpy(material,inchannelmaterial);
search usage list(1,material,&index,ptr material usage);
if(index *- O)(

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function,,);
fprintf(nout," ge7x7 lattice --\no);
fprintf (nout

," Material Not Found in Linked List, material a %s\n",label);
abort();}

add cell(label,material,lue,ncell,index,-inchannel density,nuniverse);
cwic * *ncell;

/* - Surfaces */
fprintf(luB, (n) ;
sprintf(label
O"Ambiguity Surface for Channel Corners (Wide Gap), pX, Ltil
,nlat);

search surface usage list (1,label,&index, ","",""
,ptr surface usage);

if(index m- O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout,m ge7x7 lattice --\n");
fprintf (lnout

," Surface Not Found in Linked List, label * ts\n",label);
abortl);)

add surface(l,label, ",luS,lu9,&index, "H,ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Li"
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,nlat);
search surface usage-list(llabel,&index, nu, n an
,ptr surface usage);

if (index -. o)
lines(3);
fprintf(nout,uo*** P a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_1attice --\n,);
fprintf (nout
," Surface Not Found in Linked List, label * %s\n" ,label);

aborto;)
index - -index;
addsurface(1,label, ",1ue,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label
,"Wide Gap, Channel Inside Wall, pY Surface, Lti"
,nlat);

search surface usage list(l,label,&index, u,",
,ptrsurface-usage);

if(index * 0){
lines(3);
fprintf(nout,UO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - ts\n",label);

abort(;)
index - -index;
add surface(l,label,"n,lus,1u9,&index, ",ptr surface usage
,nsurface);

sprintf(label
,"Narrow Gap, Channel Inside Wall, pY Surface, Lti"
,nlat);

search surface usage list(l,label,&index,nanu,"a
,ptr _urface_ Usage);

if(i$ndex -u o)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout, n ge7x7_1attice --\n");
fprintf (nout
, Surface Not Found in Linked List, label - %s\n",label);

abort ();
add surfacel1,label,"', luluS9,&index, "n ,ptr surface usage
,nsurface);

fprintf lus, )
sprintf(label

,"Wide Gap, Channel Inside Wall, pX Surface, Lti"
,nlat);

search surface usagelist(1, label,&index,",", uH

,ptr surface usage);
if(index a-n O)

lines(3);
fprintf(noutUO*** F a t a 1 E r r o r *** Function");
fprintf(nout," geUx7 lattice --\n");
fprintf(nout
,S Surface Not Found in Linked List, label - ts~nnlabel);

abortt);)
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add surfacetilabel,"",luslug,&index, ',ptr surface-usage
,nsurface);

sprintf(label
,*Ambiguity Surface for Channel Corners (Wide Gap), pX, LtiU
,nlat);

search surface usagelist (,label,&index,"3,"",""
,ptr surfaceusage);

if (index -- O)
lines (3);
fprintf(nout,f"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice -- \no);
fprintf(nout

," Surface Not Found in Linked List, label * ts\n",label);
abort();}

index - -index;
add surface(l,label, "", luu9, &index, n",ptr-surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search surface usage_list(1, label,&index," ,"",P"
,ptr surface usage);

if (index *- O)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function*);
fprintf(nout,P ge7x7_lattice --\no);
fprintf (nout

," Surface Not Found in Linked List, label * ts\n",label);
aborto()t

index = -index;
add surface(l,label,"",luS,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,TAmbiguity Surface for Channel Corners (Narrow Gap), pY, LUi
,nlat);

search surface usagelist(l,label,&index,"l","", "'

,ptr surfaceyusage);
if (index _-n O)
lines(3);
fprintf(nout,UO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n');
fprintf(nout

,O Surface Not Found in Linked List, label * ts\n",label);
abort();)

add surface(l,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8," ):\n (3);
sprintf(label

,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LU"
,nlat);

search_surface usagelist(1,label,&index, n, ","n
,ptr surface usage);

if(index m)(

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
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fprintf(nout,n ge7x7 lattice --\n');
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

abort();)
add surface (l,label, "",luB,lu9,&index, ",ptr surface usage
,nsurface);

sprintf(label
,"Narrow Gap, Channel Inside Wall, pX Surface, Lti"
,nlat);

search surface usage list (i,label,&index,0 ", a

,ptrsurfaceusage);
if(index ,- O){

lines(3);.
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout,w ge7x7 lattice --\n");
fprintf(nout
,a Surface Not Found in Linked List, label * ts\n",1abel);

aborto;)
index * -index;
add surface(l,label,"",lu8,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label
"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti

,nlat);
search surface usage list(l,label,&index,n "",nn",

,ptr-surfaceyusage);
iflindex mm O){

lines(3);
fprintf(nout,f"O*** F a t a 1 E r r o r F** Function");
fprintf(nout," ge7x7_lattice --\nm);
fprintf(lnout
," Surface Not Found in Linked List, label . %s\n",label);

abort;);}
index - -index;
add surface(l.label, ",lu 1U8lu9, &index,"' ,ptr surfaceyusage

,nsurface);
sprintf (label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"
,nlat);

search surface usagelist(l,label,&index,"","*,'"
,ptr surface usage);

if(index mm O){
lines(3);
fprintf(nout,nO*** F a t a 1 E r r o r ** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf (nout
," Surface Not Found in Linked List, label * ts\n",label);

abortl);)
add surface(1,,abel"", luS,1u9,&index,"",ptr surfaceyusage

,nsurface);
fprintf(luB,"):(");
sprintf(label

,"Channel Corner Inner Radius (NW), Lti"
,nlat);

search surface usage list(1,label,&index,',"nf",""
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,ptr surface usage);
if (index *- o){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n);
fprintf(fnout

," Surface Not Found in Linked List, label - ts\n",label);
aborto0;)

index - -index;
add surface(l,label,"",luS,lu9,&index, ",ptr surface usage
,nsurface);

sprintf(label
,'Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

search 6urface-usagelist(l,label,&index,n",""n" I
,ptr surface usage);

if (index *- omm
lines(3);
fprintf(nout,11O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\nl);
fprintf (nout

," Surface Not Found in Linked List, label * ts\n",label);
aborto0;)

index w -index;
add surface(1,label," ,luS,lu9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search surface usagelist(l,label,&index,""t,"", n "

,ptrsurface usage);
if(index -- O){

lines (3),
fprintf(nout,U0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf (nout

," Surface Not Found in Linked List, label a ts\nu,label);
abort();}

add surface(l,label,"" ,luS,lu9,&index,"n,ptr surface usage
,nsurface);

fprintf(1u8, n) :\n");
fprintf(lu8,n)
sprintf(label
,"Channel Corner Inner Radius (NE), Lti
,nlat);

search surface usage list(l,label, index,n ," ,"f I
,ptr surface usage);

if index mu O){

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf (nout

," Surface Not Found in Linked List, label - ts\n",label);
abort ())

index - -index;
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add-surface (1, label, "", lu8e, lu9, &index, ",ptr surface-usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);
searchsurface usagelist(l,label,&index,"", UIIUIn

,ptr surface usage);
if(index *-. o)
lines(3);
fprintf(nout,"o*** F a t a 1 E r r 0 r *** Function");
fprintf(nout," ge7x7)lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label a %s\n",label);

aborto;)
add surface(1,label, t",1u8,lu9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search surface usagelist(1,labei,&index,"","",""
,ptr surface usage);

if(index m-m O)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_1attice --\n");
fprintf(nout -
," Surface Not Found in Linked List, label a ts\n",label);

aborto);}
add surface(l,label,"",luS,1u9,&index, U ,ptr surface usage

,nsurface);
fprintf(lu8,") (I');

sprintf(label
"Channel Corner Inner Radius (SE), Lti"

,nlat);
search surface usagelist(l,label,&index, "","", "U
,ptrEurface usage);

if(index mm o){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label a ts\n",label);
abortl);)

index a -index;
add surface(1,label,n",lus,1u9,&index,"",ptr surface usage

,nsurface);
sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

search surface usage list(1,label,&index,l n ,Uon, "
,ptr surface usage);

if(index .= 0)
lines(3);
fprintf(nout,UO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
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fprintf(nout
," Surface Not Found in Linked List, label - ts\n",label);

aborto0;)
add surface(l,label,""n,luB, ul9,&index, ",ptr-surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Li"
,nlat);

search surface usage list(l,label,&index,o n nH, n
,ptr-surface-usage);

if(index *- 0)(
lines(3);
fprintf(nout,0O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\no);
fprintflnout
," Surface Not Found in Linked List, label - ts\n",label);

aborto;)
index * -index;
add surface(l,label,",luuS,1u9,&index, I" ,ptr surface usage
,nsurface);

fprintf(lu8,w):\n");
fprintf(luB,n (U);
sprintf(label
,"Channel Corner Inner Radius (SW), Lti"
,nlat);

search surface usage list(1,label,&index, tt 1n N"ttH

,ptr surface usage);
if(index *- 0)(

lines(3);
fprintf(nout,uO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label a ts\no,label);
aborto;)

index = -index;
add surface(llabel,"'m,luS,1u9,&index, ",ptr-surface-usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"'
,nlat);

search surface usage list(l,label,&index,n ", , tN

,ptr surface usage);
if(index -- O){

lines(3);
fprintf(nout,*O*** F a t a 1 E r r o r * Function");
fprintf(nout," ge7x7jlattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label a %s\n",label);

abort 0;)
index - -index;
add surface(l,label, n luS lu9, &index," n ,ptr surfaceyusage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Li"
,nlat);
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search surface usage ist(llabel,&indexn, """,U

;ptr surface usage);
if index *- 0){

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r * Function");
fprintf(nout," ge7x7 lattice -- \n");
fprintf(nout
, Surface Not Found in Linked List, label - %s\n",label);

aborto;)
index - -index;
add surface(l,label,"n,luS, 1u9,index,"Hptr surface usage

,nsurface);
fprintf (lug, ) \n");
fprintf(lu8," fill- ti u- %i imp:nw l.O\n",ufrl,uchan);
lines(l);
fprintf(nout," Filled with Universe ti\n",ufrl);

/* - Area Outside the Channel -- - - - - - - - - - - - - - - - - -*
/* - Cell */

sprintf(label,"Water Outside of Channel, Lti",nlat);
strcpy(material, t Bypass Water");
search usage list(1,material,&indexptr materialusage);
if (index *- W)

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice -- \no);
fprintf(nout
," Material Not Found in Linked List, material * %s\n",label);

aborto0;)
add cell(label,material,lu6,ncell,index,-bypass density,nuniverse);

/* - Surfaces */
/* - Regions Outside of Four Channel Walls */

fprintf(luS," (");
sprintf(label,"Wide Gap, Channel Outside Wall, pX Surface, Lti"
,nlat);

search surface usagelist(.,label, index, n """ InI

,ptr surface usage);
if(index *-- O{

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintflnout," ge7x7)lattice --\no);
fprintf(nout
," Surface Not Found in Linked List, label * %s\n",label);

abort ();
index * -index;
add surface(l,label," H "lug,lu9,&index, n ",ptr'surface usage
,nsurface);

fprintf(lu8,f n

sprintf(label,"WLde Gap, Channel Outside Wall, pY Surface, Lti"
,nlat);

search surface usage list(l,label,&index, n H H H U""

,ptr surface usage);
if(index *-mO){
lines(3);
fprintf(nout,I'0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_1attice --\n");
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fprintf(fnout
," Surface Not Found in Linked List, label a %s\n",label);

abortt1;)
add surface(l,label, ",luB,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8n"
sprintf(label,"Narrow Gap, Channel Outside Wall, pX Surface, L%iw
,nlat);

search surface usage list(l,label,&index,"",*", 6

,ptr surface usage);
if (index -- O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

,* Surface Not Found in Linked List, label a %s\nh,label);
abort();)

add surfacefl,label, ",lue,luS,&index, n,ptr surface usage
,nsurface);

fprintf (lue, * ),

sprintf(label,"Narrow Gap, Channel Outside Wall, pY Surface, Lti"
,nlat);

search surface usagelist(l,label,&index,-n,**,- -i
,ptr surface usage);

if (index _- O){
lines(3)1
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice -- \no);
fprintf(nout
,* Surface Not Found in Linked List, label * ts\n' ,label);

abort();)
index - -index;
add surface(l,label,"NluS,1u9,&index, " ,ptr surface usage
,nsurface);

fprintf(luB,* ):\n");
/* - Regions Outside of Channel Outside Corners -- NW Corner */

fprintf(luB," (");
sprintf(label,"Channel Corner Outer Radius (NW), Li",nlat);
search surface usage list(l,label,&index,"",","n
,ptr surface usage);

if (index 0-)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto);)

add surface(l,label,"",luB,lu9,&index,"n ,ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (wide Gap), pX, Ltil
,nlat);

searchsurface usagelist(1,label,&index,."", ","N

,ptr surface usage);
if(index no 0){



-

Waste Package Organization Calculation (Attachment)
Title: Listing of Routines and Functions fo-r BLINK, Version 1
DocumentIdentifierB000000-01717-0210-QOO)OREV 01 AttachmentXX Page 87 of 180

lines (3) ;
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

aborto;)
index a -index;
add surface (,label,"",1u8,1u9,&index, "n,ptr surface usage
,nsurface);

sprintf(label
,Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search surface usage list(1,label,aindex, ",", "n
,ptr surface usage);

if (index -- 0){
lines(3);
fprintf(nout, "0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice -- \n");
fprintf(nout
,0 Surface Not Found in Linked List, label ts\n",label);

aborto);)
add surface(l,label,"",lu,lu9,&index,nptr surface usage

,nsurface);
fprintf(lue," ):\n");

/* - Regions Outside of Channel Outside Corners -- NE Corner */
fprintf(luB," (0);
sprintf(label,"Channel Corner Outer Radius (NE), Lti",nlat);
searchsurfaceyusage.ist (llabel,&index, U", I u
,ptr surface usage);

if(index =, 0)
lines(3);
fprintf(nout,U0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - ts\nm,label);

aborto);}
add surface(llabel, ",luSelu9,&index," ",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LMi
,nlat);

search surface usage list(l,label,&index," n n, n m"
,ptr surface usage);

if(index *u 0)4
lines(3);
fprintf(nout,U0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\nu);
fprintf(nout
," Surface Not Found in Linked List, label = ts\n",label);

aborto);)
add surface(1,label,,"",lue,lu9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lki"
,nlat);
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search surface usage.lit(l1label,&indexu"uv np
,*ptr surface usage);

if(index -, o){
lines (3);
fprintf(nout,ao*** F a t a 1 E r r o r *** Function');
fprintf(fnout, gex7_lattice -- \n");
fprintf(nout
," Surface Not Found in Linked List, label * ts\n",abel);

abortl);)
add surface(l,label, ",luS,lu9,Lindex, ",ptrsurface-usage
,nsurface);

fprintf(luB," ):\nu);
/* - Regions Outside of Channel Outside Corners -- SE Corner */
fprintfllua," n ;
sprintf(label,"Channel Corner Outer Radius (SE), Lti",nlat);
search surface usage list(l,label,&index, n """","UI

,ptr surface usage);
if(index *- O)
lines(3);
fprintf(nout,'w0*** F a t a 1 E r r o r *** Function");
fprintf(nofut," ge7x7 lattice --\no);
fprintf(nout
,U Surface Not Found in Linked List, label - ts\n",label);

abort( ;)
add surface(1,,label, ",1u5,1u9, index,0 n, ptr surface usage
,nsurface);

sprintf (label
,"Ambiguity 8urface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

search surface usage list(1,label,Lindex,"", n U"I

,ptr surface usage);
if index *- 7)m
lines(3);
fprintf(nout,NO*** F a t a 1 E r r o r * Function");
fprintf(nout," ge7x7 lattice --\no);
fprintf(nout
," Surface Not Found in Linked List, label - ts\n",label);

aborto0;)
addsurface(1,label,"",luS,1u9,&index,m n,ptr surfaceyusage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, LtiU
,nlat);

search surface usage list(l,label,&index,"","",""
,ptr surface usage);

if (index -- 0){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label a s\n",label);

aborto0;)
index - -index;
add surface(1,label,U,luS,1u9,&index, "",ptr surface usage
,nsurface);
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fprintf(lu8,n ) :\n");
/* - Regions outside of Channel Outside Corners -- SW Corner */

fprintf(luS," (n);
sprintf(label,"channel Corner outer Radius (SW), Lti",nlat);
search surface usagelist(, label,&index,",H, n"","
,ptr surface usage);

ifXindex *- 0)(
lines(3);
fprintf(nout,UO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_.attice --\n");
fprintf(nout

," Surface Not Found in Linked List, label * ts\n",label);
aborto U

add surface(l,label, "n nlu8 lu9, &index,"nptr-surface - usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

search surface usagelist (1,label,&index,m ... .".
,ptr surfaceusage);

if(index *e O)

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7?lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label * %s\n",label);

aborto0;)
index - -index;
add surface(1,label,"", 1u8 lu9, &index,"U,ptr surface usage

,nsurface);
sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"
,nlat);

search surface usagelist(l,label,&index, n", U", o
,ptrsurface usage);

if (index *- 0)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\no);
fprintf(nout
," Surface Not Found in Linked List, label * ts\n",1abel);

abort 0;)
index a -index;
add surface(l,label, ",luS,1u9,&index, "" ,ptr surface usage
,nsurface);

fprintf(lu8," )\nn);
fprintf(lue," um ti imp:nm l.O\n",*nuniverse);

/* - Assigned Universe Number to Return Variable */
*ufl - uchan;

Function ge8x8jattlce_kwr
#include <stdio.h>
*include <string.h>
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typedef char ascii string[133];
typedef struct ascii*-record{

struct ascii-record *last;
ascii string line;
struct ascii record *next;
- a record;

typedef struct s-material(
struct s6material *last;
int atomicnumber;
int massnumber;
float weightpercentage;
char librarysuffix[5];
struct smaterial *next;
} 11_material;

typedef struct u list(
struct u list *last;
int index;
ascii string label;
struct u.list *next;
usage list;

typedef struct su list(
struct 6ulist *last;
int index;
ascii string label;
ascii-string value;
char mnemonic(41;
ascii-string equivalent-label;
struct su list *next;

) surface usagelist;

typedef struct fuelsgeometry(
int latdim;
int nwr;
float cthick;
float asin;
float wgap;
float ngap;
float cradius;
float fsrd;
float cfsrd;
float rpitch;
float cod;
float cld;
float pod;
float wrod;
float wrth;
char frcmat[61;
char fcmat[G];

) fglist;

void add cell(chartlcharl],FILE *,int *,int,float,int *);
void add surface(int,chart],charf],FILE *,FILE *,int *,charCl
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,murface usagelist *,int*)
void add material2(FILE *,int *,char[J,int,ll material )
11 materlial *material match (a, record *,char (1,flat*,it *);
us~age _list *load usage _list(charfl ,int,usage list *);
surface usageli~st *load surface usagelist (char [],int

,cha~r [3,charE] char [1,suarface uszage-list f),
void aborto0;
void lines(int);
void search usage _list (it. char [1imt *,usage _list*)
void search surfaceu.~sage list (int,chiar Cl mt *,char C] char C]
,char[C],surface-usage)list *);

void add like but(charC],char[],FILE *,int *,charC] ,int~int *);

void geexe lattice lcwr(float cthick,float asin,float wgap,float ngap
,float criadiusfl~oat fsrd,float cfsrd,float rpitch,float cod
,float cld, float pod, char frcmat C],char fomatE(3,int latdim,int nft
mit *lattice,int *ncell,int *nmaterial,FILE *1uS,FILE *lu9
,ILE*lulO, surface usage list *ptr surface usage
,usage-list *ptr-ma~terialyusage, float inchannel density
,float bypass-density,int *nuniverse~float *fp density
,ascii string matdsnam, 11 material *fmids, arecord *ptr core mtls
,int nlat,int *ufl~int *n~surface,char-inchannel material C]
,float wrod float wrth,int *ncell tr) {

-- * ge~xe _ atticelc-wr- * Create Lattice Model for
GE 8x8 Lattice with a
Large Central Water
Rod

Argument(s):
cthick -
asin -

wgap -

ngap,-
cradius -

ford -

Channel Thickness (cm)
Inner Span of Channel (cm)
Wide Gap Thickness (cm)
Narrow Gap Thickness (cm)
Inner Radius of Channel Corner (cm)
Clad Surface to Clad Surface Separation

0

z

2

la

nmat

(cm)
cfard - Clad Surface to Inner Channel Surface

Separation (cm)
,pitch - Fuel Rod Pitch (cm)

cod - Cladding outer Diameter (cm)
old - Cladding Thickness (cm)
pod - Fuel Pellet outer Diameter (cm)

~rcmat - Material Identifier for Fuel Rod Cladding
fomat - Material Identifier for Channel

*atdim - Lattice Dimensionality
nft - Number of Unique Fuel Rod Types

.ttice - Fuel Rod Type Map
ncell - number of ?4CNP cells
erial - number of MCNP materials

lug - stream pointer to scratch file for cell def
itions

lu9 - stream pointer to scratch file for surface
definitions

lulo - stream pointer to scratch file for material

(input)
(input)
(input)
(input)
(input)
(input)

(input)

(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)

(i&o)
(i&o)

(input)

(input)

(input)

in-
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- - ~~definitions
--ptr surface usage

- - - ~list of defined surfaces
--ptr material usage

- - - ~list of defined materials
--inchannel dens ity

- - - ~density for in-channel moderator (g/cc)
-- bypass-density

- - ~~- density for bypass moderator (g/cc)
-- nuniverse - number of MCNP "universesm

- - fp density - density for fuel pellets
- - matdsnam - name for fuel intermediate material dataset
- - fmids - linked list for fuel material composition
- - ptr core_Mntls

- - ~~- pointer to linked list containing core mat-
-- erial definitions

- - nlat - index for unique lattice for which to create
- - MCNP lattice modal
- - ufl - index for universe that contains the en tire
- - lattice representation
- - nsurface - total number of surfaces
- - inchannel material

- - ~~- mnemonic for inchannel moderator material
- - ~wrod - outer diameter for water rod (cm)
- - wrth - water rod thickness (cm)
-- ncell tr - number of MCNP cells for translated cells

(input)

(input)

(input)

(input)
(i&o)

(input)
(input)
(input)

(input)

(input)

(input)

(input)

(input)
(input)
(input)

fi~o)

-- Variable De(
-- Integer Van~

-- ~len-
-- index-

-- n entries-
-- ~ufr-
-- ~ufrl-

-- uchan-
-- cchan-

-- ecwic-
-- ncpellet-

-- nogap-
-- ncclad-

-- ncwater-
- , uwrnw
-- uwrne-
-- uwrSe-
-- uwrsw-

ncwrnw

short int. n;
int len - 132,
int. n-entries;
int ufr, ufrl,
int cchan, cwic

la~rations --------------------
Lable (s)
index for loops
length of ascii strings
utility variable for indices
number of entries in linked list for fuel material
universe index
universe index
universe index
cell index for
cell index for
cell index for
cell index for
cell index for
cell index for
universe index
universe index
universe index
universe index
cell index for

for first fuel rod
for fuel rod window lattice
for channel adid contents
channel
area inside channel
reference fuel pellet
reference fuel/cladding gap
reference cladding
water outside of reference fuel rod
for northwest quadrant of water rod
for northeast quadrant of water rod
for southeast quadrant of water rod
for southwest quadrant of water rod
water inside water rod for northwest

quadrant of water rod

length, index;

uchan, uwrnw, uwrae, uwrse, uwrsw;
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int ncpellet, ncgap, neclad, ncwater, ncwrnw;
/*- Float Variable(s)

- -. spor - reference fuel pellet outer surface
- - scir - reference cladding inner surface
- - scor - reference cladding outer surface
- - wror - radius for outer surface of water rod
- - wrir - radius for inner surface of water rod
- - xminfrw - XMIN surface for fuel rod window
- - xmaxfrw - XMAX surface for fuel rod window
- - yminfrw - XMIN surface for fuel rod window
- - ymaxfrw - YMAX surfacr for fuel rod window
- - wgcowx - wide gap, channel outside wall, px surface
- - wgciwx - wide gap, channel inside wall, px surface
- - ngciwx - narrow gap, channel inside wall, px surface
- - ngcowx - narrow gap, channel outside wall, px surface
- - wgcowy - wide gap, channel outside wall, py surface
- - wgciwy - wide gap, channel inside wall, py surface
- - ngciwy - narrow gap, channel inside wall, py surface
- - ngcowy - narrow gap, channel outside wall, py surface
- - xambigl - ambiguity surface for channel corners (wide gap)
- - xambig2 - ambiguity surface for channel corners (narrow gap)
- - yambigi - ambiguity surface for channel corners (wide gap)
- - yambig2 - ambiguity surface for channel corners (narrow gap)
- - ccro - outer radius for channel corner
- - ccri - innner radius for channel corner
- - cclx - center for channel corner 1
- - ccly - center for channel corner I
- - cc2x - center for channel corner 2
- - cc2y - center for channel corner 2
- - cc3x - center for channel corner 3
- - cc3y - center for channel corner 3
- - cc4x - center for channel corner 4
- - cc4y - center for channel corner 4
- - density - density for material
- - x ofset - x-offset for fuel rod centering to base lattice position
- - y ofset - y-offset for fuel rod centering to base lattice position

*1
float spor, scir, scor,xminfrw,xmaxfrw,yminfrw,ymaxfrw,wgcowx,wgciwx

,ngciwx,ngcowx,wgcowy, wgciwy,ngciwy,ngcowy,xambigl,xambig2,yambigI
,yambig2,ccroccri,cclx,ccly,cc2x,cc2y,cc3x,cc3y,cc4xcc4y;

float density, x_ofset,y_ofset,wrir,wror;
/* - Character variable(s)

- - label - label for cell or surface
- - material - label for cell material for output edit
- - mnemonic - MCNP mnemonic for surface definition
- - value - surface defintion values in string form
- - mdsnam. - working pointer for lattice material intermediate
- - dataset name

*/
char mnemonic (4;-
ascii string label,material,value;

/* - PILE Variable(s)
- - nout - output file

*/
extern FILE Snout;
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/* - Structured variable(s)
- - ptr mtl - pointer to material*1 ~ - definition linked list

llmaterial *ptr mtl;
/* - Compute Surfaces for Lattice - - - - --- - - - - - - - - - - -
spor * pod/2;
scir a (cod/2)-cld;
scOr - cod/2;
wror - wrod/2;
wrir - wror-wrth;
xminfrw * -rpitch/2;
xmaxfrw - rpitch/2;
yminfrw - -rpitch/2;
ymaxfrw * rpitch/2;
wgcowx - wgap;
wgciwx * wgap+cthick;
ngciwx a wgap+cthick+asin;
ngcowx - wgap+(2*cthick)+asin;
wgcowy - -wgap;
wgciWy - -(wgap+cthick);
ngciwy - -(wgap+cthick+asin);
ngcowy - -(wgap+(2*cthick)+asin);
xambigl a wgap+cthick+cradius;
xambig2 - wgapecthick+asin-cradius;
yambigi - -twgap+cthick+cradius);
yambig2 --- (wgap+cthick+asin-cradius);
ccro - cradius+cthick;
cori - cradius5
cclx - wgap+cthick+cradius;
ccly * -(wgap+cthick+cradius);
cc2x * wgap+cthick+asin-cradius;
cc2y * -(wgap+cthick+cradius);

cc3x * wgap+cthick+asin-cradius;
cc3y * -(wgapscthick+asin-cradius);
cc4x * wgap+cthick+cradius;
cc4y * -(wgap+cthick+asin-cradius);

/* - compute offset to move fuel rod to reference location */
x ofset - wgap+cthick+cfsrd+(cod/2);
y ofset * -x ofset;

/* - Build Lattice Model Starting with Fuel Pellet - - - - - - - -
for( n - 0; n c nit; n++){

(*nuniverse)++;
if(n a- 0) ufr a *nuniverse;

/*- Pellet Cell */
sprintf(label,mPuel Pellet, #ti, Lti", (n+l),nlat);
sprintf(material,"%s (ti)*,matdsnam,(n+l));
search usage list(l,material,aindex,ptr material-usage);
if(n .. 0)

if(index O){
(*nmaterial) ++;
add cell(label,material,lu8,ncell,*nmaterial,-(*fpdensity)

,nuniverse);
n entries * 1;)

else{
add cell(label,material,lu8,ncell,index,-(*fpdensity)

_- * /

_ */
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,nuniverse);
n entries - 0;)

ncpellet * *ncell;}
else{

if(index *- 0)4
(*nmaterial) ++;
sprintf(value,"mat. Vi rho- %10.4E"
,*imaterial,-(*fp density));

n-entries * 1;}
else{

sprintf(value,"mat- ti rhos %10.4E"
,index,-(*fp density));

n-entries * 0;}
add like but(label,material,luS,ncell,value,ncpellet
,nuniverse);)

if(index m- 0){
{ usage list *ptrpml - ptr material usage;
while(ptr ml->next in NULL) ptrtnl . ptr ml->next;
index * ptrml-index)+1;
ptrjml * loadyusage)_list(material,index,ptrjml);

fpdensity++;
/*- Pellet Surface */

if(n *- 0)m
strcpyXlabel, ");
sprintf(label,"Fuel Pellet Outer Surface, #ti, L%i"
,(n+l),nlat);

strcpy(mnemonic,8c/z");
strcpy(value,"");
sprintf(value,"l0 .4E t1O.4E t10.4E",x ofset,y ofset,spor);
index - -1;
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptrsurfaceusage,nsurface);

*- Pellet Materials */
sprintf(label,"Us (Ui)",matdsnam,(n+l));

/*- Determine number of entries in Linked List */
ifn entries a- m

{ 11 material *f * fmids;
dot
f - f-Pnext;
n-entries++;)

while(f->next 1- NULL);

add material(lulO,nmaterial,label,n entries,fmids);

if(n < (nft+l)) fmids++;
fprintf(luS," u- ti imp:n. l.0\n",(ufr+n));

/* - Fuel/Cladding Gap - - - - - - - - - - - - - - - - */
/* - Cell */

sprintf(label,"Fuel/Cladding Gap, #%i, LUi",(n+1),nlat);
strcpy(material,"void");
if(n an 0){
add cell(labelmaterial,lu8,ncell,0,0. O,nuniverse);
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ncgap - *ncell;)
else

add like but(label,material,lu8,ncell,*",ncgap,nuniverse);
/*- Surfaces */

iftn *, o)(
sprintf(label,"Fuel Pellet Outer Surface, *i, Lii",(n+l),nlat);
search surface usage list (1,label,&index,"",",""
,ptr surface usage);

if (index m= 67
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8xE lattice lcwr -- \n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

abort();)
add surface(l,label," ,luB,1u9,&index,n",ptr surface usage

,nsurface) ;
sprintftlabel,"Fuel Cladding Inner Surface, #ti, Lti",(n+l),nlat);
strcpy(mnemonic, 'c/zn) ;
index - -1;
sprintf(value,"%10.4E t10.4E l10.4E",x-ofset,ypofset,scir);
add surface(O,label,mnemonic,lu8,lu9,L&index,value
,ptr-surfaceusage,nsurface);

/* - Material -- void used */
fprintf(1uG," u- %i imp:n- l.0\no,(ufr+n));

/* - Cladding - - - - - - - - - - - - - - - - - - - - - - - - - -
/* - Cell */

sprintf(label,"Cladding, #ti, Lti", (n+2),nlat);
strcpy(material,frcmat);
if(n *-- 0)

search usage _ist(1,frcmat,&index,ptr materialyusage);
n entries * 0;
if(index ,O)

{ usage list *ptr ml;
ptr mtl -
material-match(ptr-core mtls,frcmat,&density,&n-entries);
t*nmaterial)++;
ptrjml = ptr materialyusage;
while(ptr ml->next I- NULL) ptr ml * ptrwml->next;
index * (ptr ml-index)+l;
ptrnml * load usage _list(frcmat,index,ptr ml);

else{
(void) material match(ptr core mtls,frcmat,&density,sn entries);

n entries - 0;)
add cellClabelmaterial,luB,ncell,index,-density,nuniverse);
ncclad w *ncell;}

else
add like but(label,material,lu8,ncell,"O,ncclad,nuniverse);

/*- Surface(s) */
if(n -- o){

sprintf(label,"Fuel Cladding Inner Surface, #ti, Lii",(n+l),nlat);
search surface usage list(l,label,&index.n ""','""
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,ptr surface Tusage);
iffindex *- O)(

lines(3);
fprintf(nout,fO*** F a t a 1 E r r o r *** Function");
fprintf(nouto" geexs lattice)lcwr --\n");
fprintf(nout
," Surface Not Found in Linked List, label * ts\no,label);

abort();J
add surface(l,label, **,luS,1u9,&index,n ",ptr surface usage
,nsurface);

sprintf(label,"Fuel Cladding Outer Surface, Oi, Li",(n+l),nlat);
strcpy(mnemonic, "c/zo);
index - -1;
sprintf(value, "t1O.4E t10.4E 110 .4E",x ofset,y ofset,scor);
add surface(0,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);

/*- Material */
ifln mu 0){

if(n entries la 0){
add material(lulO,nmaterial,frcmat,n entries,ptr mtl);
rollup_1lm(ptr mtl);
n entries * O;J

fprintfCluS," um ti imp:n. 1.0\nl,(ufr+n));
/* - Water Outside of Outer Surface of Cladding - - - - - - - - - -
/* - Cell */

sprintf(label,"Water Outside Cladding #Vi, Lti",(n+li),nlat);
strcpy(material,inchannel material);
if(n .- 0){

search usagelist (1,material,&index,ptrmaterial-usage);
if(index *- O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8_1attice_1cwr --\n");
fprintf(nout
,w Material Not Found in Linked List, material = tsmn"
,material);

abort( ;)
add cell(label,material,lue,ncell,index,-inchannel density

,nuniverse);
ncwater m *ncell;)

else
add like but(label,material,lu8,ncell, ",ncwater,nuniverse);

/*- Surface */
iftn - O}
sprintf(label,"Fuel Cladding Outer Surface, #ti, L%i",(n+l),nlat);
search surface usagelist(l,label,&index,nn ",", "u

,ptr surface usage);
if(index mm 0)

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," gesx8_1attice_1cwr --\n");
fprintf(nout
," Surface Not Found in Linked List, label * %s\n",label);
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abort(;)
add surface(l,label, ",lu8,lu9,&index,"' ,ptr-surfaceusage
,nsurface);

}
/* - Materials */
/* - In-channel Material should already exist as a material *1

if(n =- 0) fprintf(lue,"\nn);
fprintf(luB," u- ti imp:n- l.0\n",(ufr+n));

/* - Create Water Rod for Lattice - - - - - - - - - - - - - - - - -
/* - Water Rod in Northwest Quadrant */
/* - Water */

(*nuniverse)++;
uwrnw - *nuniverse;
sprintf(label,"Water Rod Center (NW Quadrant), Ltil,nlat);
strcpy(material,'Bypass Water");
search usage list(1,material,&index,ptr material usage);
if (index *- -)

lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," geex8 lattice lcwr --\n");
fprintf(nout

,n Material Not Found in Linked List, material * ts\n-
,material);

aborto0;)
add cell(label,material,luS,ncell,index,-bypass-density

,nuniverse);
ncwrnw * *ncell;

/* - Surfaces */
sprintf(label,f"Water Rod Inner Surface, (NW Quadrant), LUi",nlat);
search surfaceusagelist(1,label,&index, "",","I
,ptr surface usage);

if (index nu 0){
strcpy(mnemonic,Hc/z");
sprintf(value,"U.O.4E t1O.4E t1O.4E", (x ofset+xmaxfrw)
,(y ofset-ymaxfrw),wrir);

index * -1;
add surface(O0,abel,imemonic,LuS,1u9,&index,value
,ptrsurface-usage,nsurface);

else{
index a -index;
add surface(l,label,"n, lu8,1u9,&index," ", ptr surface usage
,nsurface);)

fprintf(luS,"\n u- ti imp:n- l.0\n",uwrnw);
/* - Cladding */
sprintf(label,"Water Rod (NW Quadrant), Lti",nlat);
strcpy(material,frcmat);
search usage list(1,material,&index,ptr material usage);
if (index -- 0){

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8 lattice lcwr --\n");
fprintf(nout," Material Not Found in Linked List, material *t\n-

,material);
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abort();}
(void) material match(ptr core mtlsfrcmat,&density,&n entries);
add cell(label,material, luB,ncell,index,-density
,nuniverse);

J* - Surfaces */
sprintf(label,"Water Rod Inner Surface, (NW Quadrant), Lti",nlat);
search surface usage list (,label,&index," n, U*

,ptr surface usage);
ifa(ndex *- o){

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," geBx8 lattice lcwr --\n");
fprintf(nout
," Surface Not Found in Linked List, label - ts\n",label);

abort()
add surface(l,lbel, "",lue,lu9,Lindex,"",ptr surface usage
,nsurface);

sprintf(label,"Water Rod Outer Surface, (NW Quadrant), Lti",nlat);
search surface usagelist(l,label,&index, ","","
,ptr_6urfaceusage);

if (index *- 0)m
strcpy(mnemonic,"c/z");
sprintf(value,"10.4E %10.4E 10.4Ew,(x ofset+xmaxfrw)
,(y ofset-ymaxfrw),wror);

index - -1;
add surface(0,label,mnemonic,luS,1u9,&index,value
,ptrsurface usage,nsurface)5}

else(
index - -index;
add surface(l,label,"",luB,1u9,&index,"",ptr surface usage
,nsurface);}

fprintf(lu8,"\n u- ti inp:nm 1.0\n",uwrnw);
J* - Water Outside of Outer Surface of Water Rod */

sprintf(label,"water Outside of Water Rod (NW Quadrant), LUii
,nlat);

strcpy(material,inchannel material);
search usage list(1,material,&index,ptr materialusage);
if(index ,- 0)r

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," geSxS8_atticelcwr --\n");
fprintf(nout

," Material Not Found in Linked List, material - ts\nn
,material);

abort() 4
(void) material match(ptr core mtls,frcmat,&density,&n entries);
add cell(labelmaterial,lu8,ncell,index,-inchannel density
,nuniverse);

/* - Surfaces */
sprintf(label,"Water Rod Outer Surface, (NW Quadrant), Lti",nlat);
search surface usagelist (l,label, &index,"","",""
,ptr surface usage);

if(index * u)r

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
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fprintflnout," geex8 lattice lcwr --\n')
fprintf(nout

" Surface Not Found in Linked List, label , ts\n",label);
aborto;}

add surface(l,label,"",luS,1u9,&index, "",ptr surface-usage
,nsurface);

fprintf(lu8,"\n un ti imp:n- l.O\n",uwrnw);
/* - Water Rod Section in Northeast Quadrant */
/* - Inner Water */

(*nuniverse)++;
uwrne - *nuniverse;
sprintf(label,"Water Rod Center (NE Quadrant), Lti",nlat);
strcpy(material,"Bypass Water");
searchusage list(1,material,&index,ptr material usage);
if (index -- 0)
lines(3);
fprintf(nout,*O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8xS lattice lcwr --\n");
fprintf(nout

," Material Not Found in Linked List, material ts\n"
,material);

abort();}
add cell(label,material,luS,ncell,index,-bypass density
,nuniverse)

/* - Surfaces */
sprintf(label,"Water Rod Inner Surface, (NE Quadrant), Lti",nlat);
search surface usagelist(1,label,&index, w," ",n

,ptr surfaceyusage);
if(index nu OR
strcpy(mnemonic,"c/z");
sprintf(value,"%10.4E t%0.4E tlO.4E";(xofset-xmaxfrw)
,(y ofset-ymaxfrw),wrir);

index - -1;
add surface(O,label,mnemonic,luB,1u9,&index,value
ptr surfaceusage,nsurface);

else(
index a -index;
add surface(l,label, ",luB,1u9,&index, ",ptr surface usage
,nsurface);)

fprintf(luS,"\n u- ti imp:n- l.0\n",uwrne);
/* - Cladding */

sprintf(label,"Water Rod (NE Quadrant), LUi",nlat);
strcpy(material,frcmat);
search usage list(l,material,&index,ptr material usage);
if(index -- o)(
lines(3);
fprintf(nout,wO*** F a t a 1 E r r o r *** Function");
fprintf(nout,* geex8_lattice lcwr --\n");
fprintf(nout," Material Not Found in Linked List, material *ts\n
,material);

abort();)
(void) material match(ptr core mtls,frcmat,&density,&n entries);
add cell(label,material,luS,ncell,index,-density
,nuniverse);
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/* - Surfaces */
sprintf(label,"Water Rod Inner Surface,.(NE Quadrant), Lti",nlat);
search surface usage list(1, label,aindex, ","", "

,ptr surfaceyusage);
if (index *- O){

lines(3);
fprintf(nout,fo*** F a t a 1 E r r o r *** Function");
fprintf(nout," gesxQ lattice lcwr --\n");
fprintf(nout

," Surface Not Found in Linked List , label * ts\n",label);
aborto;)

add surface(l,label,"",luB,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label,"Water Rod Outer Surface, (NE Quadrant), Li",nlat);
search surface usage _list(1,label,&index,",", "n

ptr surface usage);
if (index - )

strcpy(mnemonic,"c/z");
sprintf(value,o"t0.4E %10.4E t10.4E",(x ofset-xmaxfrw)
,(yofset-ymaxfrw),wror);

index a -1;
add surface(0,label,unemonic,luS,lu9,&index,value
,ptr surface usage,nsurface);)

else{
index * -index;
add surface(l,label,"t, lu8,1us9,&index, ",ptr surface usage
,nsurface);)

fprintf(lu8,"\n u- ti imp:n- 1.o\n",uwrne);
J* - Water Outside of Outer Surface of Water Rod */

sprintf(label,"Water Outside of Water Rod (NE Quadrant), LUi"
,nlat);

strcpy(material,inchannel material);
search usagelist(l,muaterial,&index,ptr material usage);
ifuindex m i)m

lines(3);
fprintf(nout,I"O*** F a t a 1 E r r o r *** Function");
fprintf(fnout," geexe lattice lcwr --\n");
fprintf(nout

," Material Not Found in Linked List, material - ts\nw
,material);

abort();}
(void) materialmatch(ptr core mtls,frcmat,&density, &nentries);
add_cell(label,material,luS,ncell,index,-inchannel density
,nuniverse);

/*- Surfaces */
sprintf(label,"Water Rod Outer Surface, (NE Quadrant), Li",nlat);
searchsurface usage list(l,label,&index,"","",""
,ptr surface usage);

ifaindex m m)-

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r ** Function");
fprintf'(nout," geBx8lattice lcwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label * ts\n",label);
abort();}
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add surfacel(,label, n'"'lus,1u9,&index, ",ptr surface usage
,nsurface);

fprintfClue,"\n u. ti imp:n- l.O\n",uwrne);
/* - Water Rod Section in Southeast Quadrant */
/* - Inner Water */

(*nuniverse)++;
uwrse - *nuniverse;
sprintf(label,"Water Rod Center (SE Quadrant), Lti",nlat);
strcpy(material,"Bypass Water,);
search usage list(1,material,&index,ptr material usage);
if4index *- O){

lines(3);
fprintf(nout,UO*** F a t a 1 E r r o r *** Functionm);
fprintf(nout," geSx8 lattice lcwr --\n");
fprintf(nout

,N Material Not Found in Linked List, material - ts\nx
,material);

abort l);)
add cell(labelmaterial,luB,ncell,index,-bypass density
,niniverse);

/* - Surfaces */
sprintf(label,owater Rod Inner Surface, (SE Quadrant), Lti",nlat);
search surface usage list (,label,&index,w","",""
,ptrsurface usage);

if(index -- O)
strcpy(mnemonic,wc/zw);
sprintf(value,t11O.4E %10.4E t10.4E",(xofset-xmaxfrw)
,(y ofset+ymaxfrw)),wrir);

index * -1;
add surface(O,label,mnemonic,luB,lu9,&index,value
,ptr surface_usage,nsurface);

else(
index , -index;
add surface(l,label,"',luB,1u9,&index,"",ptr surface usage
,nsurface);)

fprintf(lu8,"\n u- ti imp:n. 1.O\n",uwrse);
/* - Cladding */
sprintf(label,"Water Rod (SE Quadrant), Lti",nlat);
strcpy(material,frcmat);
search usage list(l,material,&index,ptr material usage);
if(index m- O){
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout,w gesx8 lattice lcwr --\n");
fprintf(nout,- Material Not Found in Linked List, material . ts\n"

,material);
aborto0;)

(void) materialmatch(ptr core mtls,frcmat,&density,nSn entries);
add cell(label,material,lu8,ncellindex,-density
,nuniverse);

/* - Surfaces */
sprintf(label,"Water Rod Inner Surface, (SE Quadrant), LtiU,nlat);
search surface usage list(l,label,&index,"","","
,ptr surfaceusage);
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if~index m- 0=(
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," gefx8 lattice-lewr --\n");
fprintf (nout

," Surface Not Found in Linked List, label - %s\n",label);
aborto;).

add surface(l,label,"",lu8,1u9,&index,"",ptr surfaceyusage
,nsurface);

sprintf(label,"Water Rod Outer Surface, (SE Quadrant), Lti",nlat);
search surface usage 1ist(1,label,&index,-", "",§

,ptr surface usage);
if(index *. o){

strcpy(mnemonic,vc/z");
sprintf(value,Hk10.4E 10.4E t10.4E",(x ofset-xmaxfrw)

,(y_ofset+ymaxfrw),wror);
index * -1;
add surface(0,label,mnemonic,lu8,1u9,Lindex,value
,ptrmsurfaceusage,nsurface);)

else(
index , -index;
add surface(1,label,"",luG,1u9,&index,"",ptr surface usage
,nsurface) ;)

fprintf(1u8,"\n u- ki imp:n- l.0\n",uwrse);
/* - Water Outside of Outer Surface of Water Rod *J
sprintf(label,"Water Outside of Water Rod (SE Quadrant), Lti"
,nlat);

strcpy(material,inchannel material);
search usage list(imaterial,aindex,ptr material usage);
if (index *- r )n

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geex8latticelcwr --\n");
fprintf(nout

," Material Not Found in Linked List, material * ts\nn
,material);

aborto;)
(void) material match(ptr core mtls,frcmat,&density, &nentries);
add cell(label,material,luS,ncell,index,-inchannel density
,nuniverse);

/* - Surfaces */
sprintf(label,"Water Rod Outer Surface, (SE Quadrant), Lki",nlat);
search surface usage list(l,label,&index,"","w,""
,ptr surface usage);

if(index -- 0)
lines(3);
fprintf(nout,U0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8_latticelcwr --\n');
fprintf(nout

," Surface Not Found in Linked List, label * ts\n",label);
abort();)

add surface(1,abel,, ,luS,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8,"\n ur ti imp:n= l.0\n",uwrse);
/* - Water Rod Section in Southwest Quadrant */
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t* - Inner Water */
(*nuniverse)++;

uwrsw * *nuniverse;
sprintf(label,"Water Rod Center (SW Quadrant), LUi"nlat);

strcpy(material,"Bypass Water");
search usage list(l,material,&index,ptr material usage);
if(index - ){

lines (3) ;
fprintf(nout,"o*** F a t a 1 E r r o r * Function");
fprintf(nout," geex8 lattice lcwr --\n");
fprintf(nout

,' Material Not Found in Linked List, material *s\n-
,material);

abortl;)
add cell(label,material,lu8,ncell,index,-bypassedensity

,nuniverse);
/* - Surfaces */
sprintf(label,"Water Rod Inner Surface, (SW Quadrant), Lti",nlat);
search surface usage list(l,label,&index,"',", "
,ptr surface usage);

if(index * 0)(
strcpy(mnemonic,'c/z"):
sprintf(value,t1O.4E t1O.4E 10.4E", (xofset+xmaxfrw)
,(y ofset+ymaxfrw),wrir);

index - -1;
add surface (, label,mnemonic,lu,1u9,&index,value
,ptr_surfaceusage,nsurface);

}
else(

index * -index;
add surface(1,1abel,"",lue,1u9,&index, ",ptr surfaceyusage
,nsurface);}

fprintf(lu8,"\n u. ti imp:n- l.0\n",uwrsw);
/* - Cladding */
sprintf(label,wWater Rod (SW Quadrant), LUi',nlat);
strcpy(material,fremat);
search usage list(l,material,&index,ptr materialusage);
if(index -m ){

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geexe lattice lcwr --\n");
fprintf(nout,* Material Not Found in Linked List, material a ts\n"
,material);

aborto;)
(void) material match(ptr corejmtls,frcmat,Ldensity,&nentries);
add cell(label,material,lu8,ncell,index,-density
,nuniverse);

/* - Surfaces */
sprintf(label,wWater Rod Inner Surface, (SW Quadrant), Lfi",nlat);
search surface usage list(l,label,&index, ',"', n
,ptr surface usage);

if(index am 01{
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8xlattice-lcwr --\no);
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fprintf (nout
,n Surface Not Found in Linked List, label * ts\n",label);

aborto0;)
add surface(l,label, ,lue,1u9,&index," n ,ptr surface usage
,nsurface);

sprintf(label,*Water Rod outer Surface, (SW Quadrant), Lti",nlat);
search surface-usagelist(llabel&index," '" 9,as '

,ptr surface-usage);
if(index -- 0)
strcpy(mnemonic,"c/z);
Sprintf(value,"tl0.4E %10.4E 10.4E",(xofsetvxmaxfrw)
,(y ofset+ymaxfrw),wror);

index = -1;
add surface(0,label,mnemonic,lu8,lu9,&index,value
,ptr surfaceusage,nsurface);)

else{
index * -index;
add surface(l,label, *,luS,1u9,&index, "n ,ptr surface usage

,nsurface) ;)
fprintf(lu8,"\n u- Si imp:n- 1.0\nm,uwrsw);

/* - Water Outside of Outer Surface of Water Rod */
sprintf(label,"5Water Outside of Water Rod (SW Quadrant), Lti"
,nlat);

strcpy(material,inchannel material);
search usage list(l,material,Lindex,ptr material usage);
if (index am 0){

lines(3);
fprintf(nouth'0*** F a t a 1 E r r o r *** Function");
fprintf(nout,n ge8x8_latticelcwr --\no);
fprintflnout
,* Material Not Found in Linked List, material - %s\n"
,material);

abort()t}
(void) materialnatch(ptr core mtls,frcmat,&density,&nentries);
add cell(label,material,lu8,ncell,index,-inchannel density

,nuniverse);
/* - Surfaces */

sprintf(label,'Water Rod Outer Surface, (SW Quadrant), Lti",nlat);
search surface usage)_ist(1, label, index, *, . U n

,ptr_6urface-usage);
if(index * 7)-

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8 lattice lcwr --\no);
fprintf(nout
," Surface Not Found in Linked List, label - ts\n",label);

aborto);}
add surface(l,label, ",lue,1u9, lindex, ",ptr surface usage
,nsurface);

fprintf(luB,R\n u- ti imp:n= lo\n",uwrsw);
/* - Create Lattice for Fuel Assembly and Populate with Previously

- - Defined Fuel Rod Universes - - - - - - - - - - - - - - - - - -*
/* - Cell *1
sprintf(label,"Reference Fuel Rod Cell, Li',nlat);
strcpy(material,inchannelmaterial);
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search usage list(l,material,&index,ptr material-usage);
if(index -0

lines(3);
fprintf(nout, "0*** F a t a 1 E r r o r * F Function");
fprintf(nout," gesx8 lattice-lcwr --\no);
fprintf(nout

,n Material Not Found in Linked List, material - s\n" ,label);
aborto;)

(*nuniverse) ++;
ufrl - *nuniverse;
add cell(label,material,luB,ncell,index,-inchannel density
,nuniverse);

/* - Surfaces */
sprintf(label,"XMDX Surface for Fuel Rod Window, Lti",nlat);
strcpy(mnemonic,'px");
index - -1;
sprintf(value, %10.4E",(xmaxfrw+x ofset));
add surface(O,label,mnemonic,luB,lu9,&index,value
,ptr surface-usage,nsurface);

sprintf(label,"XMIN Surface for Fuel Rod Window, Ltiu,nlat);
strcpy (mnemonic, px")
index , 1;
sprintf(value,ulO.4Eu,(xminfrw+x_ofset));
add surface(O,label,mnemonic, luB,lu9,&index,value
,ptr surface usage,nsurface);.

sprintf(label, YMIN Surface for Fuel Rod Window, Ltil,nlat);
strcpy(mnemonic, py");
index * 1;
sprintf(value," l0.4En,(yminfrw+yofset));
add surface(O,label,mnemonic,luG,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label,"YMAX Surface for Fuel Rod Window, Lti",nlat);
strcpy(mnemonic, "pyH );
index a -1;
sprintf(value, %l0 .4E",(ymaxfrw+y ofset));
add surface(O,label,mnemonic,luE,lu9,&index,value
ptr surface usage,nsurface);

fprintf(lu8," lat- 1 u * %i imp:nn l.O\nfl,*nuniverse);
fprintf(lu8," fill- -1:%i -l:ti 0:O\n-
,latdim,latdim);

lines(latdim+1);
fprintf(nout," Universes Filling the Lattice:\n");
{ short int i,j;
int nwr a 0, uwr;
int *plattice - latticei
fprintf(lu8," n)I
for(j a O;j -c (latdim+l);j++) fprintf(lue,"t3i *,*nuniverse);
fprintf(lu8,O\n");
for(i a l;i <a latdim;i++)(

fprintf(lug," %3i ",*nuniverse);
fprintf(nout," n );
for(j a 1;j <- latdim;j++,plattice++)(
ifl*plattice o 0){

fprintf(lue,"43i *,(*plattice+ufr-l));
fprintf(nout, '%3i ",(*plattice+ufr-l));)
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else(
switch (nwr) {

case 0:
uwr - UWrnw;
break;

case 1:
uwr - uwrne;
break;

case 2:
uwr - uwrsw;
break;

case 3:
uwr * uwrse;

}
nwr++;
fprintf(luG,N"%3i ",uwr);
fprintf(nout, t3i ",uwr);}

fprintf(luG,"t3i\nU,*nuniverse);
fprintf(nout,n\n");)

fprintf(lue," N);

for( - o*; <u (latdim+l);j++) fprintf(lue,"t3i ",*nuniverse);
fprintf(luG,"\n");

/* - Create Channel Model and Populate with Lattice - - - - */
/* - Channel - - - - - - - - - - - - - - - - - - - - - - - - - - - -
/* - cell */

(*nuniverse) +;
uchan ; *nuniverse;
sprintf(label,"Channel, Li",nlat);
search usagelist l,fcmat, index,ptr material usage);
n entries * 0;
if(index muo

{ usage list *ptrl;
ptr mtl
materialmatch(ptr core mtls,fcmat,&density,&n_entries);
(*nmaterial)++;
ptr ml * ptr material usage;
while(ptr ml->next I- -ULL) ptr-ml - ptr-ml->next;
index * (ptr ml->index)+l;
ptr-ml * loadyusage_list(fcmat,index,ptr ml);

else{
(void) materialmatch(ptrcoremtls,fcmat,&density,& nentries);

n entries - 0;

add cell(label,fcmat,lu8,ncell,index,-density,nuniverse);
cohan . *ncell;

/* - Surfaces */
fprintf(luS," (N);
sprintf(label,"Wide Gap, Channel Outside Wall, pX Surface, Lki"
,nlat)i

strcpy(mnemonic,"px9);
index = 1;
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sprintf(valueUlO.4E"wgcowX);
add surface(0,labelmnemonicluSlu9,&indexvalue
,ptr surface usage,nsurface);

sprintf(label,"Wide Gap, channel inside Wall, pX Surface, Lvi"
,nlat);

strcpy(mnemonic,"px");
index - -1;
sprintf(value,"kiO.4E*,wgciwx);
add surface(O,label,mnemonic,lu8,lu9,&index,value
,ptrsurface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti
,nlat);

strcpy(mnemonic,"py");
index * -1;
sprintf(value,"tl0.4E",yambigl);
add surface(0, label,mnemonic,luB,lu9,&index,value
,ptr surface-usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, VWi"
,nlat);

strcpy(mnemonic,"py");
index a 1;
sprintf(value,"lO.4E",yambig2);
add surface(O,label,mnemonic,lu, 1u9,&index,value
,ptr surface usage,nsurface);

fprintf(lue,"):(")
sprintf(label,"Wide Gap, Channel Outside Wall, pY Surface, Lti"
,nlat);

strcpy(mnemonic,Hpy");
index - -1;
sprintf(value,"t1O.4E",wgcowy);
add surface(0, label,mnemonic,lu8,1u9,&index,value
,ptr surfaceusage,nsurface);

sprintf(label,"Wide Gap, Channel Inside Wall, pY Surface, Lti
,nlat);

strcpy(mnemonic, "py");
index - 1;
sprintf(value,"t1O.4E",wgciwy);
add surface(O,label,mnemonic,luS,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

strcpy(mnemonic,"px');
index a 1;
sprintf(value, "tlO.4E",xambigl);
add surface(O,label,mnemonic,luS,1u9, index,value
,ptrsurface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LU
,nlat);

strcpy(mnemonic, px");
index , -1;
sprintf (value, %l0 .4E",xambig2);
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add surface(olabelmnemoniclu8,lu9,&indexvalue
,ptr surface usagensurface);

fprintf(lue,") :\n");
fprintf(lu8,o (U);
sprintf(label,*Narrow Gap, Channel Inside Wall, pY Surface, Lti"
,nlat);

strcpy(mnemonic,"py");
index - -1;
sprintf(value, "t10.4E" ,ngciwy);
add surface(0,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Narrow Gap, Channel Outside Wall, pY Surface, Lki"
,nlat);
strcpy(mnemonic,*py");
index = 1;
sprintf(value,"t10.4E",ngcowy);
add surface(0,label,mnemonic,luS,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

search surface usage list(l,label,&index, N, ",N""
,ptr surface usage);

if(index *m 0){
lines(3);
fprintf(nout, "0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8_latticelcwr --\n");
fprintf (nout
," Surface Not Found in Linked List, label * ts\n",label);

aborto;)
add surface (1,label, U" ,lu8,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label
0"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Li"
,nlat);*

search surface-usagelist(1,label,&index,H ""@,", in

,ptr surface usage);
if(index -- 0)(

lines(3);
fprintf(nout,'O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x6_latticelcwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label a ts\n",label);
abort( ;)

index * -index;
add surface(1,label,"",luS,1u9,&index,"",ptr surface usage

,naurface);
fprintf luB,"): (U);
sprintf(label

,"Narrow Gap, Channel Inside Wall, pX Surface, Ltiu
,nlat);

strcpy(mnemonic,"px");
sprintf(value,"%10.4E",ngciwx);
add surface(0,label,mnemonic,lu8,1u9,&index,valueptr surface usage
,nsurface);
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sprintf(label
,"Narrow Gap, Channel outside Wall, pX Surface, Lii
,nlat);

strcpy(mnemonic,"px");
sprintf(value,"10.4E',ngcowx);
index * -1;
add surface(0,2abel,mnemonic,2uB,1u9,&index,value,ptr surfaceyusage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, LUij
,nlat)t

search surface usage list(1, label,&index, "",""n"'
,ptr surface usage),

iflindex m 0)(
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8 lattice lcwr -- \n");
fprintf(nout

," Surface Not Found in Linked List, label = ts\n",label);
abort (;)

add surface(l,label,*",2ue,lu9,&index, ",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search surfaceusage listll,label,&index, ", ,Z
,ptr surface usage);

if(index am 0-
lines(3);
fprintf(nout,f0*** F a t a 1 E r r o r *** Function");
fprintf(nout," geaxS lattice lcwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label a %s\n",label);
aborto()s

index - -index;
add surface(l,label,"",lu8,1u9,&index,"nptr surface usage
,nsurface);

fprintf(lu6,"):\n");
fprintf.(1u8," (3);

/* - Channel Corners */
/* - Northwest Corner */
sprintf(label,"Channel Corner Outer Radius (NW), LUiP
,nlat);

strcpy(mnemonic,"c/zw);
index - -1;
sprintf(value,"t10.4E 10.4E 10.4E" ,cclx~ccly,ccro);
add surface(0,label,umemonic,luS,lu9,&index,value
,ptrsurface-usage,nsurface);

sprintf(label,"Channel Corner Inner Radius (NW), Lti"
,nlat);

strcpy(mnemonic, "c/z"f);
index = 1;
sprintf(value,0%10.4E %10.4E 10.4E",cclx,ccly,ccri);
add surface(0,label,tnemonic, luE,1u9, &index,value
,ptr surface-usage,nsurface);
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sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, LUi
,nlat);

search surface usage listl(,label,&index, "",Oo,*n

,ptrsurface usage);
if(index m 0){

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geSx8 lattice lcwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n" ,label);
aborto0;)

add surface(l,label,"",luB,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX. Lti"
,nlat);

search surface usagelist(1,label,&index, "","",

,ptr_6urface-usage);
if (index -m 0)

lines(3);
fprintf(nout,w0*** F a t a 1 E r r o r * Function");
fprintf(lnout," ge~xe lattice lcwr --\n");
fprintf (nout

," Surface Not Found in Linked List, label - %s\n",label);
abort 0;)

index - -index;
add surface (1,label,"",1u8,1ui9,Lindex,"",ptr-surfaceyusage
,nsurface);

fprintf(lu8,"):(");
/* - Northeast Corner */

sprintf(label,"Channel Corner Outer Radius (NE), Lti"
,nlat);

strcpy(mnemonic,"C/z");
index - -1;
sprintf(value,"t10.4E %10.4E %10.4Ew,cc2x,cc2y,ccro);
add surface(0, abel,mnemonic,luS,1u9,&indexvalue
,ptrsurface-usage,nsurface);

sprintf(label, Channel Corner Inner Radius (NE), Lti
,nlat);

strcpy(mnemonic, NC/ZN);

index a 1;
sprintf(value,"%lO.4E %10.4E %l0.4E",cc2x,cc2y,ccri);
add surface(0,label,mnemonic,luE,lu9,&index,value
,ptrsurface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (wide Gap), pY, LUi"
,nlat),

search surface usagelist(l,label,&index, "", Nn

,ptr surface usage);
if (index mm 0)

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geSx8_1attice lcwr --\nn);
fprintf (nout
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," Surface Not Found in Linked List, label - %s\n",label);
abort();}

add surface(l,label, " ,1u8,1u9,&index, "i,ptr surface usage
,nsurface); -

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lii
,nlat);

search surface usage list(l,label,&index,n "m"i",n"

,ptr surface usage);
if (index -- 0)(
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout,n ge8x8_latticelcwr --\n");
fprintf(nout
,8 Surface Not Found in Linked List, label * %s\nw,label);

aborto0;)
add surface(2,label,"*,luS,1u9,&index,m n ,ptr surface usage
,nsurface);

fprintf(lu8,"):\n");
fprintf(luS,"

/* - Southeast Corner */
sprintf(label,"Channel Corner Outer Radius (SE), Ltii
,nlat);

strepy(mnemonic,"c/z");
index - -1;
sprintf(value,"10.4E 10.4E %10.4E" ,cc3x,cc3y,ccro);
add surface(O,label,mnemonic,luS,1u9,&index,value
,ptrsurfaceusage,nsurface);

sprintf(label,"Channel Corner Inner Radius (SE), Lti"
,nlat);

strcpy(mnemonic, "c/z");
index - 1;
sprintf(value,"%10.4E %10.4E %710.4E",cc3x,cc3y,ccri);
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lki"
,nlat);

search surface usagelist(l,label,&index,"","ll,""
,ptrasurface usage);

if (index -m 0){
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout,* geex8_latticelcwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label * ts\n",label);
abort(;)

add surface(l,label,,", luS 9,&index,""n,ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"
,nlat);

search surface usage list(l,label,&index, "",*",""

,ptr~surface usage);
if (index *- 0){
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lines (3);
fprintf(nout,wO*** F a t a 1 E r r o r *** Function-);
fprintf(nout," gexe8 latticelcwr --\n");
fprintf(nout

,O Surface Not Found in Linked List, label a ts\n",label);
abort();}

index x -index;
add surface(l,label,"",luBlu9,&index, " n,ptr surface usage

,nsurface);
fprintftlu8,"n):(" ) ;

/* - Southwest Corner *1
sprintf(label,"Channel Corner Outer Radius (SW), Lim
,nlat);

strcpy(mnemonic,'c/zn);
index * -1;
sprintf(value,k110.4E 10.4E %10.4E',cc4x,cc4y,ccro);
add surface(0,label,mnemonic,LuS,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Channel Corner Inner Radius (SW), Li"
,nlat);

strcpy(mnemonic, Uc/z");
index - 1;
sprintf(valueNtlo.4E %10.4E %l0.4E" ,cc4x,cc4y,ccri);
add surface(0,label, nemonic,luS,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Ltim
,nlat);

search surfaceusagelist(1,label,&index, n, n."n
,ptr surface usage);

if(index *- 0){
lines(3);
fprintf(nout,"D*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8_1attice lcwr --\n);
fprintf (fnout

,' Surface Not Found in Linked List, label - ts\n",label);
abortt);)

index - -index;
add surface(1,label,"",luS,1u9,&index, ",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, LMi
,nlat);

search surface usage list(1,1abel,Lindex, "n'n, n UN
,ptr surface usage);

if(index *- 07{
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geex8_1attice lcwr --\n")
fprintf(nout

," Surface Not Found in Linked List, label * ts\n",label);
aborto;)

index - -index;
add surface(l,label,"", lue,lu9,&index,"",ptr surface usage

,nsurface);
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fprintf (lu8,") \ni);
fprintf(lu8," u. %i imp:n- l.O\n",uchan);

/* - Materials */
if(n entries I- °)(
add material(lulO,nmaterial,fcmat,n entries,ptr mtl);
rollupllm(ptrmtl);
n entries * 0;)

/* - Area Inside the Channel - - - - - - - - - - - - - - - */
/* - Cell */
sprintf(label,'Active Fuel Area, Lti",nlat);
strcpy(material,inchannel material);
search usagelist(2,material,&index,ptr material usage);
if(index m-u ){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function');
fprintf(nout," geSx8_latticelcwr --\n");
fprintf(nout

," Material Not Found in Linked List, material - %s\n",label);
abortol)

add cell(label,material,luS,ncell,index,-inchannel density,nuniverse);
cwic * *ncell;

/* - Surfaces */
fprintf(1u8,u (U);
sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

search surface usage list(l,label,&index,n n """ n

,ptr surface usage);
if(index mu O){

lines(3);
fprintf(nout,fO*** F a t a 1 E r r o r *** Function");
fprintf(nout,' geSx8 lattice lcwr --\n");
fprintf (nout
," Surface Not Found in Linked List, label * %s\n",label);

aborto;)
add surface(l,label, "n,luS,1u9,&index, ",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Ltim
,nlat);

searchsurface usage list(l,label,&index, n,"","nn
,ptr surface usage);

if(index *- Of
lines(3); -
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geex8 lattice lcwr --\no);
fprintf(nout

," Surface Not Found in Linked List, label - ts\nw,label);
aborto;)

index a -index;
add surface(l,label, a,lug,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Wide Gap, Channel Inside Wall, pY Surface, Lti"
,nlat);
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search surface usage list(1,label,&index,"",", "II
,ptr surface usage);

if(index .-. -)
lines(3);
fprintf(nout,%O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geoxe lattice lcwr -- \n");
fprintf(nout

," Surface Not Found in Linked List, label %s\n",label);
abort();}

index - -index;
add surface(l,label,"',lue,1u9,&index, n 1,ptr surface usage
,nsurface);

sprintf(label
,"Narrow Gap, Channel Inside Wall, pY Surface, LtiU
,nlat);

search surface usage list(1,label,&index, mul,"
,ptrsurface usage);

if(index -m o)t
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r ** Functionn);
fprintf(nout," ge8x8_lattice-lcwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n ,label);
aborto;)

add surface (,2abel,,"",lu,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8,"):(n);
sprintf (label
,oWide Gap, Channel Inside Wall, pX Surface, Lki"
,nlat);

search surface-usagelist(l,label,&index," ",n',""

,ptr surface usage);
if(index m-m O)

lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8_1atticelcwr --\no);
fprintf(nout

," Surface Not Found in Linked List, label * %s\n",label);
aborto;) -

add surface(l,label,"",1u8,1u9,&index," n,ptr surface usage
,nsurface);

sprintf(label
*"Ambiguity Surface for Channel Corners (Wide Gap), pX, Li
,nlat);

search surface-usagelist(1,label,&index, n, ", "I
,ptr_surface usage);

if(index m-m O)
lines(3);
*fprintf(nout,"O*** F a t a.l E r r o r *** Function");
fprintf~nout," geex8_1attice_1cwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label * %s\n",label);
abort();)

index - -index;
add surface(l,label,"",luS,lu9,&index, ",ptr surface usage
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,nsurface);
sprintf(label

"Ambiguity surface for Channel Corners (wide Gap), pY, Lti"
,nlat);

search surface usagelist(1, label,&index,"","K, U

,ptr surface usage);
if(index *, o){
lines(3);
fprintf(nout,'O*** F a t a 1 E r r o r *** Function");
fprintf(nout," gesx8 lattice lcwr --\n");
fprintf(nout

Surface Not Found in Linked List, label * ts\n',label);
abort();}

index * -index;
add surface(l,label, "",1u8,1u9,&index,n "I ,ptr surfacejusage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, UVi"
,nlat);

search surface usagelist(1,abel,&index,tUU, ,un
,ptr surface-usage);

if (index -- -)l
lines(3);
fprintf(nout,fO*** F a t a 1 E r r o r *** Function");
fprintf(fnout," ge8x8 latticejlcwr --\n");
fprintf(nout
," Surface Not Found in Linked List, label a %s\n",label);

aborto;)
add surface(1,label,"",lue,1u9,&index,"",ptr surface usage

,nsurface);
fprintf(luB," ):\n (")t
sprintf(label

,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

search surface usage list(1,label,&index, "","",fKU
,ptr surface usage);

if (index -. O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8_lattice_1cwr --\nw);
fprintf(nout

,* Surface Not Found in Linked List, label * ts\n",label);.
abort();)

add surface(1,label,",lue,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Narrow Gap, Channel Inside Wall, pX Surface, LUiV
,nlat);

search surfaceyusage list(llabel, &index,"a", "n,""

,ptr surface usage);
if (index mm-O)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r * Function");
fprintf(nout," ge8xe_1atticelcwr --\no);
fprintf(nout
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," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

index - -index;
add surface (,label,"nlu 1u8,lug,&index," n,ptr surface.usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, L%i"
,nlat);

search surface_usage list(l,label,&index,n "",U""
,ptr surface usage);

if (index -- o)
lines(3);
fprintf(nout,mO*** F a t a 1 E r r o r *** Function");
fprintf(nout,' ge8x8 lattice lcwr --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

aborto0;)
index a -index;
add surface(llabel,""UluBlu9,&index, Uptr surface usage

,nsurface);
sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, LUiU
,nlat);

search surface usagelist(1,label,&index, nU U, U' ""
,ptrsurface_usage);

if(index -- Of
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Functionm);
fprintf(nout," ge8x8alatticelcwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n",label);
abortt ;)

add surface(l,label,n", luS,1u9,&index, "",ptr surface usage
,nsurface);

fprintf (lug, U):(U);
sprintf(label
,"Channel Corner Inner Radius (NW), Li"
,nlat);

search surfaceusagelist(1,label,&index,U",U", U
,ptr surface usage);

if(index ,, O){
lines(3);
fprintf(nout,*O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geexe8_atticelcwr -- \n");
fprintf(nout
," Surface Not Found in Linked List, label , %s\n",label);

abort();}
index - -index;
add surface(l,label,"",lue,1u9,&index,Un,ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Li
,nlat);

search surface usage list(1,label,&index,",""," U
,ptr surface-usage);
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if(index - O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8 lattice)lcwr --\n");
fprintf(nout
," Surface Not Found in Linked List, label - ts\n",label);

abort )0
index - -index;
add surface(1,label,oluB, 1u9,&index, " ,ptr surface usage
,nsurface);

sprintf(label
,*Ambiguity Surface for Channel Corners (Wide Gap), pY, Ltim
,nlat);
searchsurface usage list(llabel,&index,",""*, w
,ptrsurface usage);

if(index -=
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r ** Function");
fprintf(nout," ge8x8_1atticelcwr --\nn);
fprintf(nout
,' Surface Not Found in Linked List, label * %s\n",label);

aborto;)
add surface(l,label, a ",1u8,1u9,&index, "",ptr surface usage
,nsurface);

fprintf(lu8,"):\n");
fprintf(luS," (;
sprintf(label

,"Cbannel Corner Inner Radius (NE), Lti"
,nlat);

search surface usage_list(llabel,&index, ""Un"'""
,ptrsurface usage);

if(index m-m O)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," gesx8_1atticelcwr --\n");
fprintf(nout
,* Surface Not Found in Linked List, label = ts\n",label);

abort();)
index - -index;
add surface(llabelw",luS,1u9,&indexwUptr surface usage

,nsurface);
sprintf(label

,,Ambiguity Surface for Channel Corners (Narrow Gap), pX, LWi"
,nlat);

search surface usagelist(1,label,&index,"","",n"
,ptr surface usage);

if(index m. o){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(lnout," ge8xl_atticelcwr --\nu);
fprintf(nout
," Surface Not Found in Linked List, label - %s\n",label);

abort();}
add surface(l,label,"",luS,lu9,&index,"",ptr-surface usage
,nsurface);
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sprintf(label
"Ambiguity surface for Channel Corners (Wide Gap), pY, lUiR

,nlat);
search surface usage list(2.,label,&index, ", "," n

,ptr surface usage);
if(index ,- 0)4
lines(3);
fprintf(nout,uO*** F a t a 1 E r r o r *** Function");
fprintflnout," gefxe lattice lcwr --\n");
fprintf (nout

," Surface Not Found in Linked List, label * Us\n",label);
aborto;)

add surface(l,label, "n,luS,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8,")e(U).
sprintf(label
,"Channel Corner Inner Radius (SE), Lil
,nlat);

search surface usage list(1,label,&index,"","",""
,ptrsurface usage);

if(index -- 0){
lines(3);
fprintf(nout,0O*** F a t a 1 E r r o r *** Function");
fprintf(nout,* geex8 lattice-lcwr --\no);
fprintf(nout
,u Surface Not Found in Linked List, label - ks\n",label);

aborto;)
index - -index;
add surface(l,label, ",luB,1u9,&index, ",ptr surface usage

,nsurface);
sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

search surface usagelist (l,label,&index, n, "nnn"
,ptr surface usage);

if(index mm 0){
lines(3);
fprintf(nout,UO*** F a t a 1 E r r o r *** Function");
fprintf(nout," gesx8 lattice lcwr --\n");
fprintf(nout
," Surface Not Found in Linked List, label * ts\n",label);

abort();)
add surface(1,label," , luS,1u9, index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY; Lt$i
,nlat)i

search surface usage list(l,label,&index,""n,""o,""*
,ptrsurface usage);

if(index *- O){
lines(3);
fprintf(nout,IO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8 lattice lcwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label * ts\n",label);
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aborto;)
index a -index;
add surface(1,label,o ,1u8,1u9,&index, "",ptr surface usage
,nsurface);

fprintf(lu8,") :\nv);
fprintf(lug," (U);

sprintf(label
,"Channel Corner Inner Radius (SW), Lti"
,nlat);

search surface usage list(1,label, index, nn, Wt, 0n

,ptr surface usage);
if(index m- O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geex8 lattice lcwr --\n");
fprintf(nout
," Surface Not Found in Linked List, label * ts\n",label);

abort();}
index = -index;
add surface(l,label, " , lu8,1u9,&index, "",ptr surfaceusage
,nsurface),

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Ltiv
,nlat);*

search surface usagelist(l,label, &index, n", "",""
,ptr surface usage);

if (index .- O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geex8_lattice_1cwr --\nn);
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
aborto;)

index = -index;
add surface(l,label, n 3 1U8, lu9 ,&index, ",ptr surface usage

,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lil
,nlat);

search surface usagelist(1,label,&index, "3nn, """

,ptr surface usage);
if (index -- O)

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r ** Function");
fprintf(nout," geBx8 latticelcwr -- \n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
abort();}

index a -index;
add surface(l,label, ",lus,1u9,&index, "",ptr surface usage

,nsurface);
fprintf(lu8, 3)\n");

fprintf(lu8," fill. ti un ti imp:n- lO\n",ufrl,uchan);
lines(1);
fprintf(nout," Filled with Uhiverse ti\n",ufrl);
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- Area Outside the Channel - -
/*- Cell */
sprintf(label,"Water outside of Channel, Lti*,nlat);
strcpy(material,"Bypass Water");
search usage list(i,material,&index,ptr material usage);
if (index .. 0)

lines(3);
fprintf(nout,no*** F a t a 1 E r r o r *** Function");
fprintf(nout," gefx8 lattice lcwr --\n");
fprintf(nout
," Material Not Found in Linked List, material - ts\n",label);

abort;);}
add cell(label,material,luS,ncell,index,-bypass density,nuniverse);

/* - Surfaces */
/* - Regions Outside of Four Channel Walls */

fprintf(lu8," (n);
sprintf(label,"Wide Gap, Channel Outside Wall, pX Surface, Lti"
,nlat);

search surface usage list(1,label,&index,"","'%""
,ptr surface usage);

if(index -- 0)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geex8_latticelcwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label * ts\n',label);
aborto0;)

index a -index;
add surface(l,label, "", 1uElu9, index, " ,ptr surface usage

,nsurface);
fprintf(lu8,"
sprintf(label,"Wide Gap, Channel Outside Wall, pY Surface, Lti"
,nlat);

search surface usage list(1,abel,&index, ""n n""a
,ptrsurfgace usage);

if(index a O){-
linese(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geexe lattice lcwr --\no);
fprintf (nout

," Surface Not Found in tainked List, label a ts\n",label);
aborto;)

add surface(l,label,"3 ,luS,1u9,&index,"n,ptr surface usage
,nsurface);

fprintf(luB," : 0);
sprintf(label,"Narrow Gap, Channel Outside Wall, pX Surface, LUiP
,nlat);

search surface usage list(1,label,&index, "", ","
,ptrsurface usage);

if(index mm 0)4
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geex8 lattice lcwr --\no);
fprintf(nout
,' Surface Not Found in Linked List, label - ts\n",label);
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abort ) ;
add surface(1,label,",lus,1u9g,&index,",,,ptr-surface usage
,nsurface);

fprintf(luB,n : U);
sprintf(label,'Narrow Gap, channel outside Wall, pY surface, L%i"
,nlat);
searchsurface usage list (,label,&index," nflN tn"""

,ptr surface usage);
if(index ,- 0)4

lines(3);
fprintf(nout,U0*** F a t a 1 E r r o r * Function");
fprintf(nout, ge8x8 lattice lcwr --\n");
fprintf(nout
," Surface Not Found in Linked List, label - ts\nn,label);

abort();)
index * -index;
add surface(l,label,"",luB,1u9,&index,"",ptr surface usage
,nsurface);

fprintf lug," ):\n");
/* - Regions Outside of Channel Outside Corners -- NW Corner */

fprintf(lu8," ('};

sprintf(label,'Channel Corner Outer Radius (NW), LUi",nlat);
search surface usagelist(l,label,&index, o,"f,""
,ptr surface usage);

if (index -= 0){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8lattice 1cwr -- \n");
fprintf(nout
," Surface Not Found in Linked List, label * ks\n",label);

abort();}
add surface(l,label,"",lue,1u9,&index, ", ptr surface usage

,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

search surface usage list (1,label, index,", "', n
,ptr surface usage);

ifindex *- 0)4
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge~x8_latticelcwr --\nu);
fprintf(nout
," Surface Not Found in Linked List, label * ts\n",label);

abort();)
index - -index;
add surface(l,label,n ", luS,1u9,&index,n ", ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, LU
,nlat);

search surface usage list Cl,label,&index," n, "nn
ptr surface usage);

if(index mm 0){
lines(3);
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fprintf(nout,uO*** F a t a 1 E r r o r *** Function");
fprintf(nout," gesxE lattice-lcwr --\n");
fprintf(nout

," Surface Not Found in Linked'List, label - %s\nw,label);
aborto0;)

add surface(l,label,,u,1u9,u&index, "l,ptr surface usage
,nsurface);

fprintf(lu8," ):\n');
/* - Regions Outside of Channel Outside Corners -- NE Corner */
fprintf(lu8,0 (H);
sprintf(label, Channel Corner Outer Radius (NE), Ltiv,nlat);
search surface usage list(1, 1abel,&index, Unn W, n

,ptr surface_usage);
if(index -=
lines(3);
fprintf(nout,'O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8_lattice_1cwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label %s\n",label);
aborto;)

add surface(1,label,'",luS,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

search surface usagelist(l,label,Lindex, m, mm,"u

,ptrs6urface_usage);
if (Index mm 0){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8xS lattice-lcwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label * ts\n",label);
abortt);}

add surface(1,abel,mm, luS,1u9,&index,n ,ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search surface usagelist(1,label,&index,mm, u, nmu
,ptr_6urface usage);

if (index -- 0){
lines(3);
fprintf(nout,I"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8 lattice lcwr --\n");
fprintf (nout

," Surface Not Found in Linked List, label = ts\n",label);
abort 0;)

add surface(1,label,"",lu8,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(luS," ):\n");
/* - Regions Outside of Channel Outside Corners -- SE Corner */
fprintf(lu8,m (a);
sprintf(label,"Channel Corner Outer Radius (SE), LUia,nlat);
search surface usage list(l,label,&index, m, mn, an



Waste Package Organization Calculation (Attachment)
Title: Listing of Routines and Functions for BLINK, Version 1
Document Identifier BOOOOOOOO-01717-0210-00010 REV 01 Attachment XX Page 124 of 180

,ptr surface-usage);
if(index -- 0){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8 lattice)lcwr --\n");
fprintf(nout
," Surface Not Found in Linked List, label a ts\n",label);

abort);*)
add surface(l,label,n " ,lu8,1u9,&index, n ,ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LUi
,nlat);

search surface usage list(l,label,&index, ","",""
,ptr-surface ysage);

if(index *- O){
lines(3);
fprintf(nout,I"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge8x8_lattice_1cwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label * %s\n",label);
aborto0;)

add surface(l,label, ",1u8,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, LUiP
,nlat);

search surface usage_list(l,label,&index,"","",""
,ptr surface usage);

if(index O){
lines(3);
fprintffnout,"0*** F a t a 1 E r r o r *** Function");
fprintf(lout," ge8x8_lattice_1cwr --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
*abort();)

index - -index;
add surface(l,label,",luuS,lu9,&index, ",ptrsurface-usage
,nsurface);

fprintf(lu8," ):\nV);
/* - Regions Outside of Channel Outside Corners -- SW Corner */

fprintf(luS," (0);
sprintf(label,"Channel Corner Outer Radius (SW), Lkio,nlat);
search surface usage_list(1, label,&index,"","', " n
,ptr surface usage);

if (index --
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r ** Function");
fprintf(nout," geSxs)latticejlcwr -- \n");
fprintf (nout
,H Surface Not Found in Linked List, label * ts\n",label);

abort();)
add surface(l,label, "",luS,lu9,&index, "",ptr surface usage

,nsurface);
sprintf(label
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,"Ambiguity surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

search surface usagelist(1,label,&index, lot""6nl
,ptr surface usage);

if(index mu o){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geex8 lattice-lcwr --\n");
fprintf(nout

" Surface Not Found in Linked List, label * %s\nn,label);
abort ;)

index - -index;
add surface(l,label," ,1u8,ulu9,&index," ,ptr surface usage
,nsurface);

sprintf(label
,'Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti'
,nlat);

search surface-usagelist(1,label,&index,n ,"w"n w
,ptr surface usage);

if(index .- 0Tm
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," geSxS lattice lcwr --\no);
fprintf(fnout

," Surface Not Found in Linked List, label - ts\n',label);
abort (;)

index - -index;
add surface(l,label,"',1u8,lu9,&index,"In ,ptr-surface-usage

,nsurface);
fprintf CluB," ) \n";
fprintf(lu8," u- ti imp:n= l.O\n",*nuniverse);

/* - Assigned Universe Number to Return Variable */
*ufl - uchan;

}
Function ge~x8jattice.swr
#include -ctdio.h>

#include cstring.h>
typedef char ascii-string[1331;
typedef struct ascii-record{

struct ascii record *last;
asciistring line;
struct ascii record *next;
} a record;

typedef struct s material(
struct s material *last;
int atomic-number;
int mass number;
float weight percentage;
char librarysuffix[5j;
struct s material *next;
}11 material;

typedef struct u-list{
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struct u list *last;
int index;
ascii string label;
struct u list *next;

} usage list;

typedef struct su list{
.struct su list *last'.
int index;
ascii string label;
ascii string value;
char maemonic(41;
ascii string equivalent label;
struct su list *next;

} surface usagelist;

typedef struct fuelgeometry(-
lnt latdim;
int nwr;
float cthick;
float asin;
float wgap;
float ngap;
float cradius;
float fsrd;
float cfsrd;
float rpitch;
float cod;
float cld;
float pod;
char frcmatt6];
char fcmatt61;

} fg-list;

void add cell(chart],char[fPILE *,int *,int,float,int *);
void add surface(intchart] ,charl1 ,FILE *,FILE *,int *,char(t

,surface usage list *,int *);
void add material(FILE *,int *,chartl,int,ll material *);
11 material *material match(a record *,chartl,float *,int *);
usagelist *load usagelist (char t],int,usagelist *);
surface usagelist *loadsurface-usagejlist (char [],int
,charl ,chartl ,chartl ,surface usage-list *);

void aborto0;
void lines(int);
void search usagelist(int,char]l,int *,usagelist *);
void searchsurface_usagelist(int,char tl,int *,char tl,charC1
,chartl,surface-usagelist *); I

void add like but(char(] ,chartl,FILE *,int *,charll ,int,int *);

void ge8x8_1attice_6wr(float cthick,float asinfloat wgap,float ngap
,float cradius,float fsrd,float cfsrd,float rpitch,float cod
,float cld,float pod,char frcmatt [,char fcmatt Cint latdim,int nft
,int *lattice,int *ncell,int *nmaterial,FILE *luS,FILE *lu9
,FILE *lulO,surface-usage list *ptr surface usage
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,usage list *ptr material usage,float inchannel density
,float bypass-density,int *nuniverse,float *fpdensity
,ascii string matdsnam,11 material *fmids,arecord *ptr core mtls
,int nlat,int *uflint *nsurfacechar inchannel material IDT

g e 8 x 8 _1 a t t i c e s w r * CreateLattice Model for
GE 8x8 Lattice with Water

-rgu- E Rods the same Size as the
Fuel Rods

Argumf
ct

cra

C

f]r
I

lat
let
r

imate

ant(s):
thick - Channel Thickness (cm)
asin - Inner Span of Channel (cm)
wgap - wide Gap Thickness (cm)
ngap - Narrow Gap Thickness (cm)
Ldius - Inner Radius of Channel Corner (cm)
fsrd - Clad Surface to Clad Surface Separation

(cm)
,fsrd - Clad Surface to Inner Channel Surface

Separation (cm)
pitch - Fuel Rod Pitch (cm)

cod - Cladding Outer Diameter (cm)
cld - Cladding Thickness (cm)
pod - Fuel Pellet Outer Diameter (cm)

rcmat - Material Identifier for Fuel Rod Cladding
!cmat - Material Identifier for Channel
Ltdim - Lattice Dimensionality
-nft - Number of Unique Fuel Rod Types

:tice - Fuel Rod Type Map
icell - number of MCNP cells
trial - number of MCNP materials
lu8 - stream pointer to scratch file for cell de

itions
lu9 - stream pointer to scratch file for surface

definitions
lulO - stream pointer to scratch file for materim

definitions

efin-

al

(input)
(input)
(input)
(input)
(input)
(input)

(input)

(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)

(i&o)
(i&o)

(input)

(input)

(input)

(input)

(input)

(input)

(input)
(i&o)

(input)
(input)
(input)

(input)

(input)

- ptrsurfaceusage
- - list of defined surfaces
- ptr material usage
- - list of defined materials
- inchannel density
- - density for in-channel moderator (g/cc)
- bypass density
- - density for bypass moderator (g/cc)
- nuniverse - number of MCNP "universes"
- fpdensity - density for fuel pellets
- matdsnam - name for fuel intermediate material dataset
- fmids - linked list for fuel material composition
- ptr core mtls
- - pointer to linked list containing core mat-

erial definitions
- nlat - index for unique lattice for which to create

-MCNP lattice model
- ufl - index for universe that contains the entire (input)
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- - lattice representation
- - nsurface - total number of surfaces (input)
- - inchannelmaterial
- - - mnemonic for inchannel moderator material (input)

- - Variable Declarations - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - n - index for loops
- - len - length of ascii strings
- - . index - utility variable for indices
- - n entries - number of entries in linked list for fuel material
- - ufr - universe index for first fuel rod
- - ufrl - universe index for fuel rod window lattice
- - uchan - universe index for channel and contents
- - cchan - cell index for channel
- - cwic - cell index for area inside channel
- - ncpellet - cell index for reference fuel pellet
- - ncgap - cell index for reference fuel/cladding gap
- - ncclad - cell index for reference cladding
- - newater - cell index for water outside of reference fuel rod
- - uwr - universe index for water rod

*/
short int n;
int len a 132, length, index;
int n entries;
int ufr, ufrl, uchan, uwr;
int cchan, Cwic;
int ncpellet, negap, ncclad, newater;

/* - Float Variable(s)
- - spor - reference fuel pellet outer surface
- - scir - reference cladding inner surface
- - scor - reference cladding outer surface
- - xminfrw - XMIN surface for fuel rod window
- - xmaxfrw - XMAX surface for fuel rod window
- - yminfrw - XMIN surface for fuel rod window
- - ymaxfrw - YMAX surfacr for fuel rod window
- - wgcowx - wide gap, channel outside wall, px surface
- - wgciwx - wide gap, channel inside wall, px surface
- - ngciwx - narrow gap, channel inside wall, px surface
- - ngcowx - narrow gap, channel outside wall, px surface
- - wgcowy - wide gap, channel outside wall, py surface
- - wgciwy - wide gap, channel inside wall, py surface
- - ngciwy - narrow gap, channel inside wall, py surface
- - ngcowy - narrow gap, channel outside wall, py surface
- - xambigl - ambiguity surface for channel corners (wide gap)
- - xambig2 - ambiguity surface for channel corners (narrow gap)
- - yambigi ambiguity surface for channel corners (wide gap)
- - yambig2 - ambiguity surface for channel corners (narrow gap)
- - ccro - outer radius for channel corner
- - ecri - innner radius for channel corner
- - cclx - center for channel corner 1
- - ccly - center for channel corner 1
- - cc2x - center for channel corner 2
- - cc2y - center for channel corner 2
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cc3x
cc3y
Cc4x
CC4y

density
x-ofset
y ofset

center for channel corner 3
center for channel corner 3
center for channel corner 4
center for channel corner 4
density for material
x-offset for fuel rod centering to base lattice position
y-offset for fuel rod centering to base lattice position

*/
float spor, scir, scor,xminfrw,xmaxfrw,yminfrw,ymaxfrw,wgcowx,wgciwx

,ngciwx,ngcowx,wgcowy,wgciwy,ngciwy,ngcowy,xambiglxambig2,yambigI
,yambig2,ccro,ccri, cclx, ccly,cc2x,cc2y,cc3x,cc3y,cc4x,cc4y;

float density,xofset,y ofset;
/*- Character Variable(s)

- - label - label for cell or surface
- - material - label for cell material for output edit
- - mnemonic - MCNP mnemonic for surface definition
- - value - surface defintion values in string form
- - mdsnam - working pointer for lattice material intermediate
- - dataset name

char mnemonic 4];
ascii string label,material,value;

/* - FILE Variable(s)
- - nout - output file

extern FILE *nout;
/* - Structured Variable(s)

- - ptr mtl - pointer to material

11-material *ptr mtl;
/* - Compute Surfaces for Lattice -

spor - pod/2;
scir - (cod/2)-eld;
scor - cod/2;
xminfrw - -rpitch/2;
xmaxfrw - rpitch/2;
yminfrw * -rpitch/2;
ymaxfrw - rpitch/2;
wgcowx * wgap;
wgciwx * wgap+cthick;
ngciwx * wgap+cthick+asin;
ngcowx * wgap+(2*cthick)+asin;
wgcowy * -gap;
wgciwy . -(wgap+cthick);

ngciwy * -(wgap+cthick+asin);

ngcowy -(wgap+(2*cthick).asin);
xambigl * wgap+cthick+cradius;
xambig2 - wgap+cthick+asin-cradius
yambigl -(wgap+cthick+cradius)t
yambig2 * -(wgap+cthick+asin-cradi
ccro - cradius+cthick;
ceri - cradius;
cclx = wgap+cthick+cradius;
cly - -(wgap+cthickvcradius);
cc2x * wgap+cthick+asin-cradius;

definition linked list

-- - - - - - - - - - - - - - */
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cc2y - -(wgap+cthick+cradius);
Cc3x * wgap+cthick+asin-cradius;
cc3y - -(wgap+cthick+asin-cradius);
Cc4x - wgap+cthick+cradius;
cc4y - -(wgap+cthick+asin-cradius);

/* - compute offset to move fuel rod to reference location */
x ofeet - wgap+cthick+cfsrd+(cod/2);
y-ofset * -x ofset;

/* - Build Lattice Model Starting with Fuel Pellet - - - - - - - - -
for( n * 0; n < nft; n++)(

(*nuniverse)++;
if(n mu 0) ufr a *nuniverse;

/* - Pellet Cell */
sprintf(label,"Fuel Pellet, fti, Li",.(n+l),nlat);
sprintf(material,"%s (%i) ",matdsnam,(n+1));
search usagelist(1,material,&index,ptr material usage)
if(n mu 01{

if(index =- 0)m
(*nmaterial) ++;
add cell(label,material,luS,ncell,*nmaterial,-(*fpdensity)
,nuniverse);

n entries * 1;}
else{

add cell(label,material,lue,ncell,index,-(*fp density)
,nuniverse);

necntries * 0;)
ncpellet *ncell;}

else(
if(index *m)

(*nmaterial) ++;
sprintf(value,"mat. %i rho= t10.4E"
,*nmaterial,-(*fp density));

n entries - 1;)
else(
sprintf(valueOmat- ti rho, %10.4E"
,index,-(*fp density));

nentries * 1;
add-like but (label,material,luS,ncell,value,ncpellet

,nuniverse);)
( usage list *ptr ml * ptr materialusage;

while(ptrjml->next I- NULL) ptr ml * ptr ml->nextj
index * (ptr ml->index)+l;
ptr ml * load usage list(material,index,ptr ml);

fpdensity++;
/* - Pellet Surface */

if(n -- 0){
strcpy(label,"");
sprintf(label,"Fuel Pellet Outer Surface, #'i, Lti"
,(n+l) ,nlat);

strcpy(mnemonic, "c/z");
strcpy(value," );

sprintf(value,"l0.4E t10.4E %10.4E",x ofset,y ofset,spor);
index * -1;
add surface(0,label,mnemonic,luS,1u9, index,value
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,ptr surface usage,nsurface);

I
/*- Pellet Materials */

sprintf(label,"%s (ti) ",matdsnam,(n+1));
/* - Determine number of entries in Linked List */

if(n entries mm 2)(
11 material *f - fmids;
dot

f - f->next;
n entries++;)

while(f->next I- NULL);

add material(lulO,nmaterial,label,n entries,fmids);

if(n c (nft+l)) fmids++;
fprintf(lu8," u- %i imp:n- l.0\n",(ufr+n));

/* - Fuel/Cladding Gap - - - - - - - - - - - - - - - - - - - - - - -
/* - Cell */

sprintf(label,"Fuel/Cladding Gap; #%i, Li,(n+1),nlat);
strcpy(material,"void"l);
if(n m 01{

add cell(label,material,luS,ncell,0.0.0,nuniverse);
ncgap * *ncell;)

else
add like but(label,material,luS,ncell,"n,ncgap,nuniverse);

/* - Surfaces */
if(n mm Of

sprintf(label,"Fuel Pellet Outer Surface, #ti, Li",(n+l),nlat);
search surfaceyusagelist(1, label,&index,"", n1 " ,n
,ptr surface usage);

if(index mm O)(
lines(3)t
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(fnout

,* Surface Not Found in Linked List, label * ts\nw,label);
abortoi;)

addsurfacel1,label,"",lue,1u9,&index, "",ptr surface usage
,nsurface);

sprintf(label,"Fuel Cladding Inner Surface, #ti, Li",(n+l),nlat);
strcpy(mnemonic,"c/z");
index a -1;
cprintf(value,'%10.4E t10.4E t10.4E",x ofset,y ofset,scir);
add surface(O,label,mnemonic,luS,1u9,&index,value
,ptr surfaceyusage,nsurface);

/* - Material -- void used */
fprintf(luS," U- ti imp:n- l.0\n",(ufr+n));

/* - Cladding - - - - - - - - - - - - - - - - - - - - - - - - - - *
/* - Cell */

sprintf(label,"Cladding, #Oi, Lti",(n+l),nlat);
strqpy(material,frcmat);
if(n *- O){

searchusage_list(l,frcmat,&index,ptr material usage);
n entries * 0;
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if(index mm o)(
{ usagelist *ptr ml;
ptr mtl ,
material match(ptrc ore mntis,frcmat,&density,&n entries);
(*nmaterial)++;
ptr-ml - ptr material.usage;
while(ptr ml->next I- NULL) ptr ml * ptr ml-.next;
index * (ptr ml->index)+l;
ptr ml * load usage)_ist(frcmat,index,ptr ml);

else{
(void) material match(ptr core mtls,frcmat,&density, &nentries);
n entries a 0;)

add cell(labelmaterial,luS,ncell,index,-densitynuniverse);
noclad * *ncell;)

else
add like but(labelmaterial,luS,ncell, " ,ncclad,nuniverse);

/*- Surface(s) */
if(n *_ O)m
sprintf(label,"Fuel Cladding Inner Surface, #%i, Li',(n+l),nlat);
search surface usage list(ilabel,&index, W" n nu flU
,ptr surface usage);

if(index mm o){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout,," ge7x7_lattice --\nn);
fprintf(nout

," Surface Not Found in Linked List, label * %s\nw,label);
abort();}

add surface(1,label, ",luS,1u9,&index,"",ptr surface-usage
,nsurface);

sprintf(label,'Fuel Cladding Outer Surface, #%i, Li",(n+l),nlat);
strcpy(mnemonic,"c/zn);
index = -1;
sprintf(value,NtlO.4E %10.4E %l0.4E",x ofset,y ofset,scor);
addsurfaceCOlabel,mnemonic,luB,1u9, index,value
,ptr surface usage,nsurface);

I
/* - Material */

if(n *- 0)m
if(n entries 1t O)(
add material(lulO,nmaterial,frcmat,n entries,ptr mtl);
rollup_llm~ptr mtl);
n entries - 0;)

fprintf(lu8," u- ti imp:nm l.O\n",(ufr+n));
/* - Water Outside of Outer Surface of Cladding- - - - - - - - -*
/* - Cell */

sprintf(label,"Water Outside Cladding #ti, Lki", (n+l),nlat);
strcpypmaterial,inchannel-material);
ifWn =. om
search usage list(l,material, &index,ptr material usage);
if (index m O){

lines(3);
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fprintf(nout,'o*** F a t a 1 E r r o r *** Function");
fprintf(nout,' ge7x7 lattice --\n")t
fprintf(nout

, Material Not Found in Linked List, material * ts\nl
,material);

aborto);}
add cell(label,material,1u8,ncell,index,-inchannel density
,nuniverse);

ncwater a *ncell;)
else

add like but(label,material,luS,ncell, n",ncwaternuniverse);
/* - Surface */

if(n 0 )(
sprintf(label,"Fuel Cladding Outer Surface, *ti, Lti",(n+l),nlat);
search surface usage list(1,label,&index,w","',"
,ptrsurface.usage);

if(index mm 0){
lines(3);
fprintf(nout,1O*** F a t a 1 E r r o r *** Function");
fprintf(nout,u ge7x7_lattice --\n");
fprintf(nout

,w Surface Not Found in Linked List, label , ts\n",label);
abort();}

add surfaceabel,n "',1u8, lu9 &index,"",ptr surface_usage
,nsurface);

}
/*- Materials */
/* - In-channel Material should already exist as a material */

if(n w- 0) fprintf(lu8,"\n");
fprintf(luS," um ti imp:n= 1.0\n",(ufran));

)
/* - Create Water Rod for Lattice - - - - - - - - - - - - */
/* - Water */

(*nunverse) ++;
uwr - *nuniverse;
sprintf(label,"Water Rod Center, Li",nlat);
strcpy(material,inchannel mterial);
search usagelist(1,material,&index,ptr material-usage);
if(index .. 0){

lines(3);
fprintf(nout,uO*** F a t a 1 E r r o r *** Function*);
fprintf(nout," geexe lattice swr --\no);
fprintf(nout," Material Not Found in Linked List, material *s\n"
,material);

abortt);)
add cell(label,material,luB,ncellindex,-inchannel density
,nuniverse);

/*- Surfaces */
sprintf(label,"Fuel Cladding Inner Surface, #1, Ltiw,nlat);
search surface usage_list(l,label, index,n "',"",

,ptrsiurface usage);
if(index -- of

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\nm);
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fprintf(fnout
," Surface Not Found in Linked List, label * %s\nw,label);

aborto0;)
index - -index;
add surface(1,label, u,lu8,lu9,&index,m'",ptr surface usage
,nsurface);

fprintf (lu,"n u. ti imp:n- i.0\n",uwr);
/* - Cladding */

sprintf(label,"Water Rod Cladding, Ltim,nlat);
strcpy(material,frcmat);
search usagelist(l,material,&index,ptr material-usage);
if(index am 0)4

lines(3);
fprintf(nout,u0*** F a t a 2 E r r o r *** Function");
fprintf(nout," ge8x8 lattice swr --\no);
fprintf(nout,U Material Not Found in Linked List, material =ts\n
,material);

.abort( ;)
(void) material match(ptr core mtls,frcmat,Ldensity,&n entries);
add cell(labelmaterial,luencell,index,-density
,nuniverse);

/* - Surfaces */
sprintf(label,"Fuel Cladding Inner Surface, #1, Lti",nlat);
search surface usage list(l,label,&index,"","",""I
,ptrsurface usage);

if(index mm o)4
lines(3);
fprintf(nout,'o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf (nout

, Surface Not Found in Linked List, label * ts\n",label);
abort(;)

add surface(l,label, "n, luS,1u9,&index," ,ptr surface usage
,nsurface);

sprintf(label,"Fuel Cladding Outer Surface, *1, Lti",nlat);
search surface usagelist l,label,&index,"',"","n"
,ptr surface usage);

if(index *. O){
lines(3);
fprintf(nout,*O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

,N Surface Not Found in Linked List, label * ts\n",label);
aborto;)

index * -index;
add surface(llabel", luS,u1u9,&index,"",ptr-surface usage
,nsurface);

fprintf(luS," um ti imp:n- l.0\nn,uwr);
/* - Water Outside of Outer Surface of Water Rod */
sprintf(label,"Water Outside of Water Rod, Lti",nlat);
strcpy(material,inchannelmaterial);
search usage list(l,material,&index,ptr material usage);
if (index *. 0)4
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
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fprintf(nout, gefxe-lattice-swr --\no);
fprintf(nout

," Material Not Found in Linked List, material - ts\n"
,material);

abortol;)
(void) material match(ptr core ntl.,,frcmat,&density,an entries);
add cell(label,material,lus,ncell,index,-inchannel-density
,nuniverse);

/* - Surfaces */
sprintf(label,"Fuel Cladding outer Surface, #1, Lti",nlat);
search surfaceusagelist(l,label,&index, " n, "",""
,ptr surface usage);

if(index mm 0)H
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\nn,label);
abortC);}

add surface (l, label,n ", lu8, 1u9, &index, "",ptr surface usage
,nsurface);

fprintf(lue,a u- ti imp:nm l.O\n",uwr);
/* - Create Lattice for Fuel Assembly and Populate with Previously

- - Defined Fuel Rod Universes - - - - - - - - - - - - - - - - - -*
/* - Cell */
sprintf(label,"Reference Fuel Rod Cell, Lti",nlat);
stropy(material,inchannelimaterial);
search usage list (,material,&index,ptrimaterial-usage);
if (index .m ){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice -- \n");
fprintf (nout
," Material Not Found in Linked List, material * ts\n",label);

abort();}
(*nuniverse)++;
ufrl * *nuniverse;
add cell(label,material,lue,ncell,index,-inchannel density
,nuiiverse);.

/* - Surfaces */
sprintf(label,"XMAX Surface for Fuel Rod Window, Lti",nlat);
strcpy (mnemonic, px'@);
index * -1;
sprintf(value, "t1O.4E",(xmaxfrw+x ofset));
add surface(O,label,maemonic,lu8,1u9,&index,value
,ptr6surface usage,nsurface);

sprintf(label,"XMIN Surface for Fuel Rod Window, Lti",nlat);
strcpy(mnemonic, "px");
index - 1;
sprintf(value,"t10.4E",(xminfrw+x ofset));
addsurface(O,label,nnemonic,luS,lu9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"YMIN Surface for Fuel Rod Window, LUi",nlat);
strcpy(mnemonic, "py");
index m 1;
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sprintf (value, "%2. O4E", (yminffrW+y of set));
add surface(Olabel~mnemonicluB, ug,&indexvalue
,ptr surface-usage,nsurface);

sprintf(label, YMAX Surface for Fuel Rod Window, Lti ,nlat);
strcpy(mnemonic,Opy");
index * -1;
sprintf(value,t'lO.4E",(ymaxfrw+y ofset));
add surface(O,label,mnemonic,luB,lu9,&index,value
,ptr-surface usage,nsurface);

fprintf(lua," lat. 1 u * ti imp:n- lO\n",*nuniverse);
fprintfCluS," fill- -l:ti -l:%i 0:O\nw
,latdim,latdim);

linestlatdim+l);
fprintf(nout," Universes Filling the Lattice:\n");
( short int i,j;
int *plattice - lattice;
fprintf(lu8,"

.for(j a 0;j <- (latdim+1);j++) fprintf(lu8,"%3i 0,*nuniver
fprintf(lu8, "\n");
for(i * I;i <, latdim;i++){

fprintfCluB,' t3i ",*nuniverse);
fprintf(nout," U);
fortj * I;j <- latdim;j++,plattice++){

if(*plattice > 0)(
fprintf(lu8,"%3i *,(*plattice+ufr-1));
fprintf(nout,"n3i ",(*plattice+ufr-1));}

else(
fprintf(lu8,"%3i ",uwr);
fprintf(nout,"%3i ",uwr);)

se);

fprintf(luG,"t3i\n",*nuniverse);
fprintf(nout,"\n");}

fprintf(luB," ");
for(j * O;j <- (latdim+l);j++) fprintf(lue,"%3i
fprintf(lu6,N\n");

U0 *nuniverse);

)
/I
/I

/1

- Create Channel Model and Populate with Lattice - - - - - - - -
- Channel - - - - - - - - - - - - - - - - - - - - - - - - - - -
- Cell */

(*nuniverse)++;
uchan a *nuniverse;
sprintf(label,"Channel, Lti",nlat);
search usage list(l,femat,&index,ptr material usage);
n entries , O;
if(index O){
t usage list *ptr ml;
ptr-mtl -
material match(ptr core mtls,fcmat,&density,&n entries);
(*nmateri~al) ++;
ptr ml a ptr material usage;
while(ptr ml->next 1- NULL) ptr-ml * ptr ml->next;
index * (ptr ml->index)+l;
ptr-ml * load usagelistCfcmat,index,ptrml);
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else{
(void) material-matchCptr core mtls,fcmat, density,&n entries);
n entries * 0;

add cell(label,fcmat,luE,ncell,index,-density,nuniverse);
cchan - *ncell;

/* - Surfaces */
fprintf(lu8," (");

sprintf(label, 'Wide Gap, Channel Outside Wall, pX Surface, LVi"
,nlat).;

strqpy.(mnemonic, "px");
index - 1;
sprintf(value,"%l0.4E",wgcowx);
add surface(O,label,mnemonic,luS,lu9,&index,value
,ptrsurface usage,nsurface);

sprintf(label,"Wide Gap, Channel Inside Wall, pX Surface, Ltii
,nlat);

strcpy(mnemonic, "px");
index * -1;
sprintf(value,"%1O.4E",wgciwx);
addsurface(O,label,mnemonic,lu8,lu9,&index,value
*,ptr surface usage,nsurface);
sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, LUi"
,nlat);

strcpy(mnemonic,"py");
index = -1;
sprintf(value,"%lO.4E",yambigl);
add surface(O,label,mnemonic,luS,lu9,&index,value
,ptr_surface usage,nsurface);

sprintf (label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"
,nlat);

strcpy(mnemonic, "py");
index - 1;
sprintf(value,"%lO.4E",yambig2);
add surface(O,label,mnemonic,luS,lu9,&index,value

,ptr surfaceusage,nsurface);
fprintf(luS,) :(");
sprintf(label,"Wide Gap, Channel Outside Wall, pY Surface, LUii
,nlat); .

strcpy(mnemonic, "py");
index a -1;
sprintf(value,"tlO.4E",wgcowy);
add surface(O,label,mnemonic,luB,lu9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Wide Gap, Channel Inside Wall, pY Surface, Lti"
,nlat);

strcpy(mnemonic, "py");
index * 1;
sprintf(value,"%10.4E",wgciwy);
add surface(O,label,mnemonic,luS,lu9,&index,value
,ptrsurface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Ltii
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,nlat);
strcpy(mnemonic, "px")3;
index - 1;
sprintf(value,"%lO.4E",xambigl);
add surface(O,label,mnemonic,luS,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label
,nAmbiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

strcpy(mnemonic,0px");
index * -1;
sprintf(value,"%1O.4E",xambig2);
add surface(O,label,mnemonic,luS,1u9,&index,value
,ptr surface usage,nsurface);

fprintf(lu8,"):\n");
fprintfluB," n);
sprintf(label,"Narrow Gap, Channel Inside Wall, pY Surface, Lti"
,nlat);

strcpy(mnemonic, opy");
index * -1;
sprintf(value,"t10.4E",ngciwy);
add surface(0,label,mnemonic,luS,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label,"Narrow Gap, Channel Outside Wall, pY Surface, Ltti"
,nlat);
strcpy (mnemonic, "py");
index * 1;
sprintf(value,0%lO.4E",ngcowy);
add surface(O,label,mnemonic,luS,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, L%i
,nlat);

search surface usagelist(l,label,&index," ,"n, "I
,ptr surface usage);

iflindex a-m 07
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label a ts\n",label);

abort (;)*.
addsurface(l,label,"",luS,1u9, index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

search surface usagelist(l,label,&index,"","",""
,ptr surface usage);

if(index m-m O)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf (nout
," Surface Not Found in Linked List, label a ts\nr,label);
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abort(l;)
index - -index;
add surface(1,label,*o,lus,1u9,&index, "",ptr-surface usage
,nsurface);

fprintf(1u8,"): (");

sprintf(label
,"Narrow Gap, Channel Inside Wall, pX Surface, Lti"
,nlat);

strcpy(mnemonic, "px');
sprintf(value,"%10.4E",ngciwx);
add surface(0,label,mnemonic,luB,1u9,&index,valueptr surface usage
,nsurface);

sprintf(label
,"Narrow Gap, Channel Outside Wall, pX Surface, Ltin
,nlat);

strcpy(mnemonic, "px");
sprintf(value,NV10.4E",ngcowx);
index - -1;
-add surface(0,label,mnemonic,luS,1u9,&index,value,ptr surface usage

,nsurface);
sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Li"
,nlat);

searchsurface usage list(l,label,&index, ""," , U
,ptrsurface usage);

if(index m- 07)
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --%nu);
fprintf(nout
," Surface Not Found in Linked List, label - %s~no,label);

abort();)
add surface(l,label,"",luS,1u9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Ltii
,nlat);

searchsurface usage list(l,label,Lindex,n" ,,n n

,ptrsurface usage);
if(index *- O){

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

,' Surface Not Found in Linked List, label * %s~n",label);
abort();)

index * -index;
add -surface (1, label, "", luS,1u9,&index, " ,ptr surface usage
,nsurface);

fprintf(lu8,") :\n");

fprintf(lue, n (1) ;

/* - Channel Corners *t
/* - Northwest Corner */

sprintf(label,"Channel Corner Outer Radius (NW), Lti"
,nlat);
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strcpy(nuremonic,"c/z%);
index - -1;
sprintf(value,010.4E Vl0.4E t10.4E",cclxcc1y,ccro);
add surface(o,label,mnemonic,lu8,lu9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Channel Corner Inner Radius (NW), Li"
,nlat);

strcpy(mnemonic,"c/z);
index = 1;
sprintf(value,"%l0.4E t10.4E t10.4E",cclx,cclyccri);
add.surface(O,label,mnemonic,luS,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label
,nAmbiguity Surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search surface usagelist(1,label,Lindex, n i ","

,ptrsurface usage);
if(index mm 0)4

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function"o);
fprintf(nout," ge7x7)lattice --\no);
fprintf(fnout
," Surface Not Found in Linked List, label * %s\n",label);

aborto0;)
add surface(l,label,"",luS,1u9,&index,"N,ptr surface usage

,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

search surface usagelist(l,label,&index, "", ",""

,ptr surface usage);
if(index mm CH

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout,m ge7x7_1attice --\nn);
fprintf(nout
," Surface Not Found in Linked List, label * ts\n",label);

abort();}
index * -index;
add surface(l,label, ",lu8,1u9,&index,"N,ptr surface usage
,nsurface);

fprintf(lu8,u): (U);

/* - Northeast Corner */
sprintf(label,mChannel Corner Outer Radius (NE), LUiP
,nlat);

strcpy(mnemonic, c/z");
index * -1;
sprintf(value,"%10.4E %10.4E t10.4E",cc2x,cc2y,ccro);
add surface(O,label,mnemonic,luB,1u9,&index,value
,ptrsurface usage,naurface);

sprintf(label,"Channel Corner Inner Radius (NE), Ltil
,nlat);

strcpy(mnemonic,"c/z');
index - 1;
sprintf(value,N%10.4E %10.4E %10.4E",cc2x,cc2y,ccri);



Waste Package Organization Calculation (Attachment)

Title: Listing of Routines and Functions for BLINK, Version I
Document Identifier BOOOOOOO-01717-0210-00010 REV 01 Attachment XX Page 141 of 180

add surface(olabelnemonicluSluS,&indexvalue
,ptr surfaceyusagensurface);

sprintf(label
,"Ambiguity surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search surfaceusage list(l,label,&index, ","*, '

,ptrosurface usage);
if(index *- o){

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice -- \n");
fprintf(fnout

,I Surface Not Found in Linked-List, label - %a\n",label);
abort() ;

add surface(l,label, ",lu8,1u9,&index, ",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Li"
,nlat);

search surface usage list(l,label,&index,"", ",."
,ptrsurfaceusage);

if(index m-u 0{
lines(3);
fprintf(nout, "o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");.
fprintf(nout

,* Surface Not Found in Linked List, label - %s\n',label);
abort();)

add surface(1,label,",!luS,lu9,&index," ,ptr surface usage
,nsurface);

fprintf(lu8,"):\n");
fprintf luS,I (U);

/* - Southeast Corner */
sprintf(label,"Channel Corner Outer Radius (SE), Lti"
,nlat);

strcpy(mnemonic, bc/zn);
index * -1;
sprintf(value,"%l0.4E %10.4E t10.4E",cc3x,cc3y,ccro);
add surface(0,label,unemonic,luS,1u9,&index,value
,ptrsurfaceusage,nsurface);

sprintf(label,"Channel Corner Inner Radius (SE), Lti"
,nlat);

strcpy(mnemonic, 'c/z");
index - 1;
sprintf(value,It%0.4E %10.4E kl0.4EI,cc3x,cc3y,ccri);
add surface(0,label,mnemonic,luS,1u9,&index,value
,ptrsurface usage,nsurface);

sprintf(label
"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LU"

,nlat);
search surfacejusagelist(., abel,&index," n g lln"
,ptr surface usage);

if(index * 0){
lines(3);
fprintf(nout, "0*** F a t a 1 E r r o r *** Function");
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fprintf(nout," 9e7x7 lattice --\n");
fprintf (nout

," Surface Not Pound in Linked List, label - ts\n",label);
abort;)

add surface(1,label,"", lue,1u9,&index, ",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Iti"
,nlat);

search surface usage list(1,label,&index, n","",""
, ptrsurface usage);

if (index -- 0)
lines(3);
fprintf(nout,No*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
aborto;)

index - -index;
add surface(l,label, "",luS,1u9,Lindex, ",ptr-surface-usage
,nsurface);

fprintf(1u8,"): ()
/* - Southwest Corner *1

sprintf(label,"Channel Corner Outer Radius (SW), Lti"
,nlat)l

strcpy(mnemonic,'c/z");
index - -1;
sprintf(value,Ntl0.4E %10.4E t10.4E",cc4x,cc4y,ccro);
add surface(O,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);

sprintf(label,"Channel Corner Inner Radius (SW), Ltio
,nlat);

strcpy(mnemonic,"c/z");
index a 1;
sprintf(value,"%lO.4E t10.4E t10.4E",cc4x,cc4y,ccri);
add surface(01label,mnemonic,luS,lu9,&index,value
,ptrsurface usage,nsurf ace);

sprint!(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Ltiv
,nlat);

search surface usage list(l,label,&index,"",em, ne

,ptr surface-usage);
if(index - 0)f
lines(3);
fprintf(nout,"D*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice -- \n");
fprintf Inout

," Surface Not Found in Linked List, label = s\n",label);
aborto0.,

index a -index;
add surface(l,label,"",luS,1u9,aIndex, ",ptr surface usage

,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Ltii
,nlat);
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search surfaceusagelist (l,label,&index,""," n"n

,ptr surfaceusage);
if(index .- O){

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintflnout," ge7x7 lattice --\nu);
fprintf(nout-

," Surface Not Found in Linked List, label - %s\n",label);
aborto0;)

index - -index;
add surface (l,label, "",luB,1u9, &index,"",ptr surface usage
,nsurface);

fprintf(lu8,")\n");
fprintf(lu8,'" um ti imp:n= I.O\n",uchan);

/* - Materials */
if(n_entries I- 0){

add material(lulO,nmaterial,fcmat,n-entries,ptr mtl);
rollup llm(ptr mtl);
n_entries * 0;)

/* - Area Inside the Channel - - - - - - - - - - - - - - - - - - - -*
/* - Cell */

sprintf(label,mActive Fuel Area, Lti",nlat);
strcpy(material,inchannel material);
search usage list(1,material,&index,ptr material usage);
if(index mu 0){

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\no);
fprintf(nout

,w Material Not Found in Linked List, material a %s\n",label);
aborto;)

add cell(labelmaterial,lu8,ncell,index,-inchannel density,nuniverse);
cwic - *ncell;

/* - Surfaces */
fprintf(lu8, ("n);
sprintf(label

,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

search surface usage list(l,label,&index, n"", "n,
,ptr surface usage);

if(index *- O)(
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\nm);
fprintf(nout

,* Surface Not Found in Linked List, label a s\n",label);
abort();}

add surface(1,label," ,luG,lu9,&index, "",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti,
,nlat);

search surface usage list(l,label,&index,"Nn, n",

,ptr surface usage);
if(index mu 0)
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lines (3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7).attice --\nu);
fprintf(nout
," Surface Not Found in Linked List, label * ts\nn,label);

abortol;)
index * -index;
add surface(l,label,"",lus,lu9,&index,"",ptr surface usage

,nsurface);
sprintf(label
,"Wide Gap, Channel Inside Wall, pY Surface, Lti"
,nlat);

searchs urfaceusagelist(2,label,&index,"","O,"
,ptrusurface usage);

if(index mm o)t
lines(3);
fprintf(nout,f"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label = ks\n',label);

aborto;)
index = -index;
add surface(l,label, ", lu8 lu9, &index,"",ptr surface-ysage

,nsurface);
sprintf(label

,"Narrow Gap, Channel Inside Wall, pY Surface, Lti
,nlat);

search surface usagelist(1,label,&index, "n,"",""
,ptr~surface usage);

if(index m0m)

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice -- \n");
fprintf(nout

," Surface Not Found in Linked List, label = %s\n",label);
abort ); *

add surface (,label,"",lue,lu9, index,"",ptrsurface usage
,nsurface);

fprintf luB,"): n);

sprintf(label
,"Wide Gap, Channel Inside Wall, pX Surface, Lti"
,nlat);

search surface usage list(l,label,fcindex,""'tu,""
,ptr surface usage);

if(index *. O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice -- \n");
fprintf(nout

," Surface Not Found in Linked List, label * ts\n",label);
abort );)

add surface(l,label, "N,1u8,lu9,&index, ",ptrsurface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, LUiP
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,nlat);
search surface usage_listt(1,label,&index, n", ,n "n
,ptr surface usage);

if(index -- d).
lines(3);
fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout, ge7x!iattice -- \n");
fprintf(nout
," Surface Not Found in Linked List, label a ts\n",label);

aborto0;)
index a -index;
add surface(l,label,"',luS,lu9,&index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lil
,nlat);

search surface usagelist(l,label,&index,"n " " ,"
,ptrsiurface-usage);

if(index mm ){
lines(3);
fprintf(nout,'"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label * ts\nn,label);

abort();}
index , -index;
addsurface(l,label, "",lue,lug,&index,"",ptr surface usage
,nsurface);

sprintf(label
"'Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"

,nlat);
search surface usagelist(l,label,&index, t "N,"n

,ptr surface usage);
if(index am O){

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label * ts\n",label);

aborto;)
addsurface(1,label, " ,luB,1u9,&index, ",ptr surface usage
,nsurface);

fprintf(lu8,0 ):\n (i)t
aprintf(label

,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Lti"
,nlat);

search surface usagejist(1, label,&index,"',"",""
,ptr surface usage);

if(index mm O)-
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\n"9,label);

abort( ;)
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add surface(llabel, ",luelug,&index,"sptr surface usage
,nsurface);

sprintf (label
,"Narrow Gap, Channel Inside Wall, pX Surface, Lti"
,nlat);

search surface usage._listillabel,&index, "n," n"

,ptr surfaceusage);
if(index *- O){

lines(3);
fprintf(nout,'O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_1attice --\n");
fprintf(nout
," Surface Not Found in Linked List, label , ts\n",label);

abort();)
index - -index;
add surface(l,label,", luB,lu9,Qindex,"",ptr surface usage

,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti-
,nlat);

search surface usagelist(l,label,&index,""n,n",""
,ptr surface usage);

if(index == o)
lines(3);
fprintftnout,"O*** F a t a I E r r o r *** Function");
fprintftnout,' ge7x7_1attice --\n");
fprintf(nout
," Surface Not Found in Linked List, label a ts\n3,label);

aborto;)
index - -index;
add surface (1,label,"",luS,lu9,&index,"",ptr surface usage
,nsurface);

sprintf(label
"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"
,nlat);

searchsurface usagelist(l,label, index,"",,""
,ptr surface usage);

iflindex mm O)
linest3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
,* Surface Not Found in Linked List, label - ts\n",label);

aborto0;)
add surface(1,label, ",luS,lu9,&index, ",ptr surface usage

nsurface);
fprintf(luB,"):t");
sprintf(label
,"Channel Corner Inner Radius (NW), Lti"
,nlat);

search surface usagelist (1,label,&index,"","",""
,ptrsurface usage);

if(index -m O)(
lines(3);
fprintf(nout,NO*** F a t a I E r r o r *** Function");
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fprintf(nout," ge7x7 lattice -- \nl);
fprintf(nout
, Surface Not Found in Linked List, label - ts\n",label);

abort();)
index - -index;
add surface(l,label,' ,.lue,1u9,&index,"" ,ptr surface usage

,nsurface);
sprintf(label

InAmbiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

search surface usagelist (,label,&index, nn"n,""
,ptr.surface usage);

if(index mm 0){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function');
fprintf(nout,w ge7x7 lattice --\n");
fprintftnout
," Surface Not Found in Linked List, label , s\n',label);

abort();)
index - -indexl
add surface(1,label, "",luB,1u9,&index,* n ,ptr surfacejusage

,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search surface usagelist(1,label, index, mwn,nu
,ptr surface usage);

if(index -- o){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function');
fprintf(nout,* ge7x7 lattice --\n");
fprintfCnout
," Surface Not Found in Linked List, label - ts\n",label);

abort 0 m)
add surface(1,label,"',luB,1u9,&index,"',ptr surface usage
,nsurface);

fprintf(luS,") :\n");
fprintftlu8," n;
sprintf(label

,"Channel Corner Inner Radius (NE), Ltii
,nlat);

search surface usagelist(l,label,&index,"n, " ,nn
,ptr surface usage);

if (index *- 0) .
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function');
fprintf(nout," ge7x7_lattice -- \n");
fprintf(nout
," Surface Not Pbund in Linked List, label a %s\n",label);

aborto0;)
index a -index;
add surface(l,label, ',luS,1u9,Lindex, ",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LUi
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,nlat);
search surface usagelist llabel, &indexl il, inH

,ptr surface usage);
if(index m= O){

lines(3);
fprintf(nout,nO*** F a t a 1 E r r o r *** Functiona);
fprintf(nout," ge7x7_1attice -- \n");
fprintf(nout

," Surface Not Found in Linked List, label - %s\n',label);
abort (;)

add surface(l,label, "",luB,1u9,&index, "",ptr surface usage
,nsurface);

sprintf label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Lti"
,nlat);

search surface usage _list(1, label,&index, ","",n "
,ptr surface usage);

if(index -= o)
lines(3);
fprintf(nout,8O*** F a t a 1 E r r o r *** Function");
fprintf(fnout," ge7x7_lattice -- \n");
fprintf(nout

,a Surface Not Found in Linked List, label - ts\n",label);
abort() .)

add surface(l,label,n ", luBlu9, &index, "", ptr surface usage
,nsurface);

fprintf(luB,') :C");
sprintf(label

,"Channel Corner Inner Radius (SE), Li"
,nlat);

search surface usage_list(l,label,&index,fou,",""
,ptr surface usage);-

if(index m O)m
lines(3);
fprintf(nout,'O*** F a t a 1 E r r o r *** Function");
fprintf(nout,n ge7x7 lattice -- \n");
fprintf (nout

," Surface Not Found in Linked List, label - ts\n",label);
aborto0;)

index * -index;
add surface(l,label,"", ui,1u9,&index,"O,ptr-surface-usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LUi"
,nlat);

search surface usagelist(1,label,&index,n ",","n"

,ptr surface usage);
if(index -a O){

lines(3);
fprintf(nout,"O*** F a t a 1 S r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n*);
fprintf(nout
," Surface Not Found in Linked List, label - ts\n",label);

abort (;)
add surface(l,label," ,luB,1u9,&index," ,ptr surface usage
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,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"
,nlat);

search surface-usage list(l,label,&index,"","n, n
,ptr surface usage);

if(index *=
lines(3);
fprintf(nout,"O*** P a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf (nout

," Surface Not Found in Linked List, label * ts\n",label);
abort o)

index * -index;
add surface(1,label," nlu8,1u9,&index, ",ptr surface usage
,nsurface);

fprintf(lu8,) n:\n");
fprintf(luB," (0l;
sprintf(label

,*Channel Corner Inner Radius (SW), Ltim
,nlat);

search surface usage list(l,label,&index,"","",HX
,ptr surface usage);

if(index *. o--
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout,n ge7x7 lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label * ts\n0,label);
abortt0;)

index - -index;
add surfacel1,label,"",lu8,1u9,&index,"",ptr surfaceusage

,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Ltil
,nlat);

search surface usagelist (,label,&index,n "","", 3"

,ptr surface usage);
if(index m-m 0)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\no);
fprintf(lout

," Surface Not Found in Linked List, label * ts\n",label);
aborto0)

index - -index;
add surface(l,label, m,lu8,1u9, index,"",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, LUi
,nlat);

search surface usage_list (1,label,&index, " "", uw
,ptr surface_usage);

if(index -=
lines(3);
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fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\nU);
fprintf (nout
," Surface Not Found in Linked List, label - ts\nw,label);

abort 0)
index - -index;
add surface(l,label, ', luS,1u9,&index,"U,ptr surface usage
,nsurface);

fprintf lu8, ")\n);
fprintf(lu8," fill- %i uu %i imp:n- 1.0\n",ufrl,uchan);
lines(1);
fprintf(nout," Filled with Universe %i\n",ufrl);

/* - Area Outside the Channel - - - - - - - - - - - - - - - - - - -*
/* - Cell */
sprintf(label,"Water Outside of Channel, Lti",nlat);
strcpy(material,"Eypass Water");
search usage list(C,material,&index,ptr material usage);
if (index -- 0)

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf (nout
," Material Not Found in Linked List, material * ts\n",label);

abort (;)
add cell(label,material,lu8,ncell,index,-bypass density,nuniverse);

/* - Surfaces */
/*- Regions Outside of Four Channel Walls */

fprintf(luB," (U);
sprintf~label,"Wide Gap, Channel Outside Wall, pX Surface, Lti"
,nlat);

search surface usage list(l,label,&index,"", U, n
,ptr surface usage)

if (index ew 0)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label , %s\n",label);

aborto;)
index * -index;
add surface(l,label,"",luS,1u9, index, ",ptr surface usage

,nsurface);
fprintf(lus," :
sprintf(label,"Wide Gap, Channel Outside Wall, pY Surface, Lti"l
,nlat);

search surface usagelist(l,label,&index, ","",""
,ptr surface usage);

if(index 0 -=
lines(3);
fprintf(nout,UO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\no);
fprintf(fnout
," Surface Not Found in Linked List, label a ts\n",label);

abort C);)
add surface(l,label,,",luSlu9,&index,"N,ptr surface usage
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,nsurface);
fprintf(lus," n u);
sprintf(label,"Narrow Gap, Channel Outside Wall, pX Surface, Lti"
,nlat);

search surface usagelist(l,label,&index, n, "',n"
,ptr surface usage);

if(index ,- 0)
lines(3);
fprintf(nout,IbO**.* F a t a 1 E r r o r *** Function");
fprintf(lout," ge7x7_lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label * %s\n",label);

abortl);)
add surface(llabel, ",luS,lu9,&index,"",ptr surface usage
,nsurface);

fprintf(lu8," :);
sprintf(label,"Narrow Gap, Channel Outside Wall, pY Surface, Lti"
,nlat);

search surface usage list(l,label,&Lindex, ,n","* , "mn
,ptr surface usage);

if(index mm*-){
lines(3);
fprintflnout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout,n ge7x7_lattice --\n");
fprintf(lout
,u Surface Not Found in Linked List, label * ts\no,label);

aborto;)
index * -index;
add surface(l,label,"',luS,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(lue," ):\n");
/* - Regions Outside of Channel Outside Corners -- NW Corner */

fprintf luS, n e);

sprintf(label,"Channel Corner Outer Radius (NW), Ltiv,nlat);
search surface usage list(1,label,&index, n , 3"", an

,ptr surface usage);
if(index mm O){

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\nu);
fprintf(nout
," Surface Not Found in Linked List, label * %s\n',label);

abort 0)
add surface(l,label, "",lu8,1u9,&index,"",ptr surface usage -
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Lti"
,nlat);

search surface usage-list(l,label,&index, n. * a n"

,ptr surface usage);
ifl(index ,O

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout, ge7x7 lattice --\n");
fprintf(nout
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," Surface Not Found in Linked List, label - %s\n",label);
aborto;)

index - -index;
add surface (,label,"o,lus,lu9, &index, ",nptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pY, Ltin
,nlat);

search surface usage list(1,label,&index, n,"UUN

,ptr surface usage);
if(index -- OM

lines(3);
fprintf(nout,no*** F a t a 1 E r r o r * Function 3 );
fprintf(nout," ge7x7 lattice -- \n);
fprintf(nout
," Surface Not Found in Linked List, label - ts\n",label);

abort();}
add surface(l,label,"N, nlu8 elu9 ,&index,m n,ptr surface-usage
,nsurface);

fprintf(luB," ):\no);
/* - Regions Outside of Channel Outside Corners -- NE Corner */

fprintf(luS, I"M;
sprintf(label, Channel Corner outer Radius (NE), Li",nlat);
search surfaceyusage_list(l,label,&index,"",i", ""
,ptr surface usage);

if (index -m 0){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label * %s\n",label);

abort() ;}
add surface(1,label,"",luB,1u9, index, ",ptr surface usage

,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, Li"

search surface usage list(l,label,&index,"","","
,ptr surface usage);

if(index -M 07)
lines(3);
fprintf(nout,fO*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice --\n");
fprintf(nout
," Surface Not Found in Linked List, label - %s\no,label);

aborto;)
add surface(1, label,"",luS,1u9,&index,"",ptr-surface usage

,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Wide Gap), pY, LUi"
,nlat);

search surface usagelist(1,label,&index,"n "", "'

,ptr surface-usage);
if(index mm 0)

lines(3);
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fprintf(nout,"o*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
aborto0;)

add surface(1,label, nluBlu9,&indexn ,ptrsurface usage
,nsurface);

fprintftlu8," ):\n");
/* - Regions Outside of Channel Outside Corners -- SE Corner */

fprintf(lu8," .(n);
sprintf(label,"Channel Corner Outer Radius (SE), Lti",nlat);
search surface usagelist(1,label,&index,"n,",,n"
,ptr surface ;sage);

if(index *- 0){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label - ts\n",label);
abort();)

add surface(l,label,"",luB,lu9,&index, "",ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pX, LViW
,nlat);

search surface usage_list(l,label,&index, "",",""
,ptrsurface-usage)

if(index ,- 0)-
lines(3);
fprintf(noutI0*** F a t a I E r r o r *** Function");
fprintf(nout,n ge7x7_lattice --\n");
fprintf(nout

," Surface Not Found in Linked List, label , ts\n",label);
abort (;)

add surface(l,label,"n",luS,lu9,&index,"n,ptr surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"
,nlat);

search surface usagelist(l,label,&index, n a"n" !
,ptr surface usage);

if (index ,-0)
lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *** Function");
fprintf(nout,n ge7x7 lattice --\n");
fprintf (nout

," Surface Not Found in Linked List, label * 6s\n",label);
aborto;)

index - -index;
add surface(l,label,"",lu8,lu9,&index, "",ptr surface usage

,nsurface);
fprintf(luS,n ) :\n");

/* - Regions Outside of Channel Outside Corners -- SW Corner *1
fprintf(lue,n (a1);
sprintfflabel,"Channel Corner Outer Radius (SW), Lti",nlat);
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search surfaceyusage list(llabel,&index, "","'
,ptr surface-usage);

if(index -- Of
lines(3);
fprintf(nout,h'O*** F a t a 1 E r r o r Function");
fprintf(fnout," ge7x7 lattice --\no);
fprintf(nout
," Surface Not Found in Linked List, label * ts\n",label);

abort();)
add surface(l,label," ,luS,lu9,&index, ",ptr-surface usage
,nsurface);

sprintf(label
,"Ambiguity Surface for Channel Corners (Wide Gap), pX, Ltio
,nlat);

search surface usagelist(l,label,&index, Nill,UNn

,ptr surface usage);
if(index m-m CT
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** Function");
fprintf(nout," ge7x7 lattice -- \n");
fprintf(nout
," Surface Not Found in Linked List, label a ts\n",label);

abort();)
index a -index;
addsurface(3,label,",luB,1u9, index," n ,ptr-surface-usage

,nsurface);
sprintf(label

,"Ambiguity Surface for Channel Corners (Narrow Gap), pY, Lti"
,nlat);

search surface usagelist(l ,label,&index, n n ,nfl Un

,ptr surface usage);
if(index *- Of
lines(3);
fprintf(nout,MO*** F a t a 1 E r r o r *** Function");
fprintf(nout, n ge7x7 lattice --\no);
fprintf(lout
," Surface Not Found in Linked List, label , ts\n",label);

abort();)
index u -index;
add surface(l,label,N ,luS,lu9,&index,"",ptr surfaceyusage

,nsurface);
fprintf(lu8," )\n");
fprintf(luS," um ti imp:n- l.O\nN,*nuniverse);

/* - Assigned Universe Number to Return Variable */
*ufl - uchan;

}
Function generatejattcemodel

#include <stdio.h>
#include catring.h>
typedef char ascii-string[1331;
typedef struct ascii-record(

struct ascii record *last;
ascii string line;
struct ascii record *next;
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} a record;
typedef struct a_material-

struct 5jmaterial *last;
int atomic number;
int mass number;
float weightpercentage;
char library_6uffix[51;
struct smaterial *next;
} 11_material;

typedef struct u list {
struct u-list *last;
lnt index;
ascii string label;
struct u list *next;

} usagelist;

typedef struct su list {
struct au-list *last;
int index;
ascii-string label;
ascii-string value;
char mnemonic[4];
asciitring equivalent-label;
struct su list *next;

) surface-usage-list;

typedef struct fuel-geometry {
ascii string gds name;
int latdim;
int nwr;
float cthick;
float asin;
float wgap;
float ngap;
float cradius;
float fsrd;
float cford;
float rpitch;
float cod;
float cld;
float pod;
float wrod;
float wrth;
char frcmat[61;
char femat (6];

) fg list;

void ge7x7 lattice(float,float,float,float,float,float,float,float
,float,float,float,char[],charfl,int,int,int *,int *,int *,FILE *
,FILE *,FILE *,surface usage list *,usage list *,float,float,int *
,float *,ascii string,ll material *,a record *,intint *,int *
,char[]I;

void ge8x8 lattice swr(float,float, float,float, float, float,float1 float
,float,float,float,char[J,charfl,int,int,int *,int *,int *,FILE *
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,FILE *,FILE *,surface usage list *,usage list *,float,float,int *

,float *,ascii string,li material *,a record *,int,int *,int *

,char[t);
void geSxS latt*ce lcwr(float,float,float,float,float,float,float,float
,float,float,float,charfl,char[l,int,int,int *,int *,int *,FILE *

,FILE *,FILE *,surface usage list *,usage list *,float,float,int *
,float *,ascii string,l1lmaterial *,a-record *,int,int *,int *

,char[l,float,float,int *);
void rollup lnlm(ll material *);
int *memory integer(intint.nt *);
11 material *load fuel material(int *,charj],char[],intjnt **

,float **);
int mchar(int *,chartl);

void generate lattice model(int *ncell,int *nmaterial,FILE *lu8
,FILE *lu9,FILE *lulO,surface-usage list *ptr surface usage
,usagelist *ptr material usage,int *ptr correspondence table
,fg list *ptrlg ds,ascii string *lmdsnam,int nlat,char fprefixll
,float inchannel density,float bypass density,int *nuniverse
,a record *ptr core mtls,int *ufl,int *nsurface
,char inchannel materialll,int *ncell tr)4

/* - - - - - - - - - - - - - - _

- - * g e n e r a t e I a t t i c e m o d e 1 * Create Lattice
Model for a
Unique Node

- - Argument(s):
- - ncell - number of MCNP cells (i&o)
- - nmaterial - number of MCNP materials (i&o)
- - luS - stream pointer to scratch file for cell defin- (input)
- - itions
- - lu9 - stream pointer to scratch file for surface (input)
- - definitions
- - lulO - stream pointer to scratch file for material (input)
- - definitions
- - ptr surface usage
- - - list of defined surfaces (input)
- - ptr material usage
- - - list of defined materials (input)
- - ptrcorrespondencetable
- - - table relating lattices with unique material (input)
- - definitions with geometry definitions
- - ptrlgds - list of lattice geometry datasets (input)
- - lmdsnam - list of material intermediate dataset names (input)
- - nlat - index for unique lattice for which to create (input)
- - MCNP lattice model
- - fprefix - prefix for fuel material intermediate datasets (input)
- - inchannel density
- - - density for in-channel moderator (g/cc) (input)
- - bypass6density
- - - density for bypass moderator (g/cc) (input)
- - nuniverse - number of MCNP "universes" (iao)
- - ptr-core mtls
- - - pointer to linked list containing core mat- (input)
- - erial definitions
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- - ufl - universe definition for unique lattices
- - nsurface - total number of surfaces
- - inchannel material
- - - menmonic for inchannel moderator material
- - ncell tr - number of MCNP cells for translated cells

(output)
Ui&o)

(input)
(i&o)

- - Variable Declarations - - - - - - - - - - - - - - - - - - - - - - -
Integer
latdim

nwr
nglat

Variable(s)
- lattice dimensionality
- number of water rods
- index for lattice geometry dataset
lattice material dataset

- fuel rod type map for lattice
- number of fuel rod types

corresponding to

- - lattice
- - nft

'I
int latdim, nwr;
int nglat, *lattice, nft;

/* - Float Variable(s)

*1

cthick
asin
wgap
ngap

cradius
ford

cfsrd

Channel Thickness (cm)
Inner Span of Channel (cm)
Wide Gap Thickness (cm)
Narrow Gap Thickness (cm)
Inner Radius of Channel Corner (cm)
Clad Surface to Clad Surface Separation (cm)
Clad Surface to Inner Channel Surface
Separation (cm)
Fuel Rod Pitch (cm)
Cladding Outer Diameter (cm)
Cladding Thickness (cm)
Fuel Pellet Outer Diameter (cm)
Water Rod Outer Diameter (cm)
Water Rod Thickness (cm)
Density Vector for Lattice

rpitch
cod
cld
pod

wrod
wrth

fp density

float cthick, asin, wgap, ngap, cradius, ford, cfsrd, rpitch
,cod, old, pod, wrod, wrth;

float *fpdensity;
/* - Character Datasets

- - matdsnam - name for material dataset
- - frcmat - Material Identifier for Fuel Rod Cladding
- - fcmat - Material Identifier for Channel
- - gds - name for lattice geometry dataset

char frcmat[61, fcmat[6l;
ascii string matdsnam, gds;

/* - Structured Variable(s)
- - ptr fg pointer to proper fuel material dataset
- - fmids - pointer to fuel material dataset

fglist *ptr fg * ptr lg~ds;
11 material *fmids;

/*- Adjust Character String Read with FORTRAN for Processing in C -

( short int n;
int len * 132, length;
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ascii string *p a lmdsnam;
for( n - 1; n c niat; n++,p++) continue;
strncpy(matdsnam,*p,132);
length - mchar(&len,matdsnam);
matdsnamtlength] * \0';

/* - Find Corresponding Lattice Geometry Dataset */
( short int n;
int *p - ptr correspondence table;

/* do{
p++;p++;)

while(*p I- nlat);

while(*p 1l-niat) (p++;p++;)
nglat *(p+l);
for( n * 0; n < (nglat-1); n++) ptrjfg++;
latdim * ptr fg->latdim;
strcpy(gds,ptr-fg->gds name);

/* - Allocate Memory for Lattice Map */
lattice - memory integer(l,(latdim*latdim),lattice);

/* - Load Material Dataset for Lattice - - - - - - - - - - - - - - -
fmids - load-fuelmaterial(&nft,fprefix,matdsnam,latdim,&lattice
,&fp density);

/* - Create Lattice Model - - - - - - - - - - - - - - - - - - - - - -
cthick - ptrfg->cthick; asin - ptr fg->asin;

wgap - ptrfg->wgap; ngap - ptrxfg->ngap;
cradius - ptrfg->cradius; fsrd * ptrfg->fsrd;
cfard * ptrjg->cfsrd; rpitch * ptrfg->rpitch;

cod w ptr-fg->cod; cld * ptrfg->cld;
pod - ptrjg->pod;

wrod - ptr fg->wrod; wrth . ptr fg->wrth;
strcpy(frcmat,ptrfg->frcmat);
strcpy(fomat,ptrjfg->fcmat);
'if(strstr(gds,*ge7x7") I- NULL)

ge7x7 lattice(cthick,asin,wgap,ngap,cradius,fsrd,cfsrd,rpitch,cod
,cld,pod,fremat,fcmat,latdim,nft,lattice,ncell,nmaterial,luB,1u9
,lulO,ptr surface usage,ptrjmaterial usage,inchannel density
,bypass-density,nuniverse,fpdensity,matdsnam,fmids,ptr-core-mtls
,nlat,ufl,nsurface,inchannel material);

else
if(wrod =- 0.0)
geex8 lattice swr cthick,asin,wgapngap,cradius,fard,cfsrd,rpitchcod
,cld,podfrcmat, fmat, atdim,nft,lattice,ncell,nmaterial,lu8,1u9
,lulO,ptr surface usage,ptr material usage,inchannel density
,bypass density,nuniverse,fp density,matdsnam,fmids,ptr core mtls
,nlat,ufl,nsurface,inchannelmaterial);

else
gesx8_1atticelcwr(cthick,asin,wgap,ngap,cradiusfsrd,cfsrdrpitch,cod
,cld,podfrcmat,fcmat,latdim,nft,lattice,ncellnmaterial,luB,Lu9
,lulO,ptr surface-usage,ptr material2usage,inchannel density
,bypass density,nuniverse,fp density,matdsnam,fmids,ptr core mtls
,nlatufl,nsurface,inchannel material,wrod,wrth,ncelltr);

/* - Return Memory */
{ short int n;
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11 material *p - fmids, *p last;
for( n - O; n c (nft-l); n+,p++) continue;
p last - p;
for( n - nft; n > 0; n--)(
p - p last;
p last--;
rollupllm(p);)

lattice * memory-integer(-i,(latdim'latdim),lattice);
}
Function materialtmatch
#includecstdio.h>

typedef char ascii stringE133];
typedef struct asciirecord{

struct ascii record *last;
asciistring line;
struct ascii record *next;

} a record;
typedef struct s material{

struct a-material *last;
lnt atomicnumber;
lnt mass number;
float weightypercentage;
char library suffix[5];
struct s material *next;

} 11material;

11 material *memory s_material(intintlljmaterial *);

11 material *material match (a record *p,char name ],float *density
,int *n entries){

- - * m a t e r i a 1 m a t c h * Matches Material Identifiers
with Materials on Linked List
for Core Materials

- - Argument(s):
- - p - pointer to.first element in linked list (input)
- - name - string containing name of material sought (input)
- - density - density of material (output)
- - n entries - number of elements/isotopes of which the (output)
- - material is composed
- - m_first - pointer to first element in material defin- (output)
- - ition link list

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - n - counter for processing elements within material
- - definition
- - n elements - number of elements of which a material is composed
-:- n isotopes - number of isotopes for a particular element in a
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- - material
- - a number - atomic number from material in core materials

~ - linked list
- - tm number - mass number of isotope

*/
short int n;
int n elements, n isotopes, a number, m number;

/* - Float Variable(s) - - - - - - - - - - - - - - - - - - - - - - - -
- - ewp - elemental weight-percentage from core materials linked
- - list
- - iwp - isotopic weight-percentage from core materials linked
- - list

float .ewp, iwp;
/* - Character Variable(s)

- - db name - string to hold name of material from linked list
- - line - buffer to hold fline" from linked list
- - 1 suffix - library suffix from element or isotope on core mater-
- - ial linked list
- - element - elemental name from element on core material linked
_ _ list

char db name[61, ssuffix(S, elementl5;
ascii string line;
* - FILE Variable(s) - - - - - - - - - - - - - - - - - - - - - - - - -
- - nout - output file

extern FILE *nout;
- Structure Variable(s) -- - - - - - - - - - - - - - - - - - - - - -

- - pmcurrent - pointer to current position in linked list for
- - material definition
- - pm next - pointer to next position in linked list for material
- - definition
- - m first - first element in linked list to material definition

11_material *pm current, *pm next, *m first - NULL;
/* - Sweep through the linked list seeking material identifier match */

while(p->next In 0){
strcpy(line,p->line);
if(strstr(linename) 1- NULL){ /* - match on identifier */
*n entries a 0;
sscanf(line,"%s tf ti*,db name,density,&n elements);
for(n a 1; n cm nelements; n++){ /* - sweep through ele -
p a p->next; /*- ment definitions -
sscanf(p->line,"ts tf Vi ts ti"
,element,&ewp,&a number,1 suffix,&n isotopes);

pm next - memorys_material(1,1,pmnext);
if(umjfirst -- NULL) {
m_first - pm next;
pm current * pm next;
pm current->last - NULL;)

elseT{
pmcurrent-4next - pm.next;
pmnext->last X pm_current;
pmcurrent - pmpnext;
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}
pm current- >next a NULL;
if(strlen(l suffix) -1

{ short int i;
*n entries +- n isotopes;
for(i - l1i <- nisotopes;i++){
p * p->next;
sscanf(p->line, "%i tf ts",&m-number,&iwp,1 suffix);
iwp - ewp*iwp/100.o;
pm current->atomicnumber - a number;
pmcurrent->mass number - m number;
pm current-.weightpercentage a iwp;
strcpy(pm current->library suffix,1suffix);
if(i c n isotopes)(

pm next * memory_s_material (1,l ,pm next);
pm current->next - pm next;
pm next->1ast * pmacurrent;
pmcurrent - pm next;}

})
else{

(*n entries)++;
pmcurrent->atomicnumber * a-number;
pmcurrent->mass number * 0;
pm current->weightpercentage - ewp;
strcpy (pm current->library suffix,lsuffix);
{ short int i;
for(i - l;i co n-isotopes; i++) pup->next;)

return m-first;

p * p->next;

/*- No match found -- fatal error- - - - - - - - - - - - - - -
lines(4);
fprintf(nout,f"o*** F a t a 1 E r r o r *** -- Function");
fprintf(nout," material match:\nm);
fprintf(nout,"ONo Match Found for Input Material Us\n",name);
abort.;

Functlon source._speclficatlon
#include <stdio.h>

void source specification(int nsrck,float rkk,int ikz,int kct,FILE *lulO
,int ncolcc,int nrowcc,int *ccmap,int *ccmapw,float apitch,float afl
,int core f,int ndm,int mct,int ndmp,4nt ncell,float tempk)(

/* - - - - -_

- - * s o u r c e _ s p e c i f i c a t i o n * Adds Source Specif-
ication to Input
Deck

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - Argument(s):
nsrck - nominal source size per cycle in MCNP (input)
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I
ncc
nrc
cc

CCm

api

cox

rkk - initial guess for elgenvalue in MCNP
ikz - number of cycles to be skipped before begin-

ning tally accumulation in MCNP
kct - number of cycles to be performed in MCNP
.ulO - stream pointer for material scratch file
ilcc - Number of Columns in Control Cell Map
iwcc - Number of Rows in Control Cell Map
map - Map of Control Cell Universe Number
tapw - Map Containing Contents of Each Control Cell
.tch - fuel assembly pitch (cm)
afl - active fuel length (cm)
*e f - fraction of core modeled in problem

(O - full,
1 - half,
4 - quarter)

ndm - periodicity of dumps to TPE file
mct - flag to creation of MCTAL file
Ldmp - maximum number of dumps on file
!ell - total number of cells in the problem
!mpk - problem temperature (Kelvin)

(input)
(input)

(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)

(input)
(input)
(input)
(input)
(input)

nc
te

- Variable Declarations - - - - - - - - - - -
- Integer Variable(s)
- i - loop variable for columns in map
- j - loop variable for rows in map
- n - utility loop variable
- nsrc - number of source fields
- ptrmap - pointer to ccmap array
- ptr mapw - pointer to ccmapw array
- i zero - column for origin of problem
- Jzero - row of origin of problem

short int i,j,n,izero,j_zero;
int nsrc , 0;
int *ptr map - ccmap, *ptr~mapw - ccmapw;

/* - Float Variable(s)
- - x - abscissa for center of source body
- - y - ordinate for center of source body

float xy;
/* - Print Program Control and Source Cards - - - - - - - - - - -
/* - The thermal scattering kernal temperature in MeV is computed
/* - the formula given on page 3-108 of the MCNP-4B User's Manual

fprintf(lulO,"c Control Cards\n");
fprintf(lulO, sc\nt);
fprintf(lulO,"n tmpl t%0.4E tir\nw,(8.617E-ll*tempk),(ncell-l));
fprintf(lulO,Okcode t5i V5.3f t3i %Si\ntnsrck,rkk,ikz,kct);
fprintf(lulO,1print 40\n");
fprintf(lu10,1 lost 20 20 \n");
fprintf(lulO, prdmp ti ti ti ti\n",kct,ndm,mct,ndmp);

/* - Source Fields */
fprintf(lulO,n sdef erg-dl poswd2 axes- 0 0 1 rad-d3 ext-d4\n")j
fprintf(lulO," spl -3\n");
fprintf(lu.O, n si2 L");

from*/
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for( j * 1; j c- nrowcc; j++)(
for( i = 1; i <- ncolcc; i++,ptrjmap++){

/* - Check for Null Control Cell */
if(*ptrmap *- 0)(

for(n - l;n <- 6; n++) ptrmapw++;
continue;)

/* - Compute Coordinates of Source Body Center */
switch (coref)}(
case 4:
i zero - ncolcc;
j zero - nrowcc;
break;

case 1:
i zero
Jizero
break;

case 2:
i_zero
Jzero
break;

}
ift(i M-
nsrc++;

- ncolcc/2;
* nrowcc/2;

- ncolcc;
- nrowcc/2;

izero) II (j m- jzero)) continue;

x * (i-i-zero)*2*apitch;
y a (j zero-j)*2*apitch;
if(nsrc -- 1)

fprintf(lulO," %t0.4E t10.4E t10.4E\n",xy,(afl/2));
else

fprintf(lulO," t10.4E t10.4E t10.4E\n",x,y
,(afl/2));

}
fprintf(lulO," sp2");
{ int nmax-l0,nminm3;

do{
for(n nmnin;n <- nmax;n++)

fprintf(lulO,' 1");
fprintf (lulo, "\n");
if(n <- nsrc) fprintf(lulO,"
nmin +m 10;
nmax +m 10;
if(nmax > nsrc) nmax . nsrc;

}while(n -m nsrc);

n)

fprintf(lulO,"
fprintf(lulO,"

}

si3 t10.4E\n", C(2*aPitch)-0.02));
5±4 tlO.4E\n", (afl/2));

FunctIon spacerjocaUon

void spacer-location(int nbundlg,int ptr n spacer
,float *ptr spacer location,int *ptrspacer nodeint *ptrjninode
,float *ptr nodeboundaries)(

/* - - - - - - - - - - - - - - - -

- - * s p a c e r 1 o c a t i o n * Determines Nodal Locations
of each Spacer
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Argument () :
nbundlg - number of unique fuel assembly geometries

ptrn spacer
(input)

- - number of spacers in each fuel assembly type (input)
- ptr spacer location
- - pointer to array containing location of spa- (input)

cers for each fuel assembly type (cm)
- ptrspacer node
- - pointer to array containing space node (output)

locations for each fuel assembly type
- ptr-n node - number of node boundaries for each unique (input)

fuel assembly type
- ptr-node boundaries
- - axial locations of node boundaries for each (input)

unique fuel assembly type

- Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- Integer Variable(s)
- - i - utility index variable
-- j - utility index variable
-- k - utility index variable
-- n - utility index variable
-- ptr n - pointer to integer vector
- ptr sn - pointer to integer vector containing spacer nodal
-- locations
- ptr node - pointer to integer vector containing the number of
-- nodes for each unique fuel assembly type
-- found - flag to indicate that a node has been found in which
-- a spacer is resident

short int i,j,k,n,found;
nt *ptr n * ptr n spacer, *ptr an - ptr spacer node;
nt *ptr node a ptr n node;

*- Float Variable(s)
-- ptr-f - pointer to floating point array
-- ptr-nb - pointer to floating point vector containing
-- the node boundaries

float *ptr-f - ptrspacer-location;
float *ptr nb * ptr-node boundaries;

- Sweep over the Unique Fuel Assembly Geometry Types - - - - - -*
for(i - l;i cm nbundlg;i++,ptr-n++,ptr node++){

/* - Loop over the Spacers in this Geometry Type */
for(j - 1;j cm *ptr nzj++,ptr f++){

/* - Loop over the Axial Nodes in this Fuel Assembly Type */
found * 0;
ptr nb a ptr node boundaries;
for(n - l;n ; ign++)

for(k * l;k cm *ptr node;k++) *ptr nb++;
for(k - l;k <- *ptr node;k++,ptrrnb++)(

if((*ptr f <= *ptr nb) && (found lo 1)){
*ptr-sn * k;
ptr-sn++;
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found a 1;)

if(found 1- L){
*ptr sn * (*ptr-node)+1;
ptrsn++; }

Function vessel_generation

#include <stdio.h>
#include <string.h>

typedef char ascii string[133];
typedef struct ascii record{

struct ascii record *last;
ascii string line;
struct ascii record *next;

) arecord;
typedef struct 8-material(

struct s-material *last;
int atomicnumber;
lnt massnumber;
float weightpercentage;
char librarysuffixl5];
struct a material *next;
)11 material;

typedef struct ujlist{
struct u list *last;
int index;
ascii string label;
struct u.list *next;

) usagejlist;

typedef struct su list(
struct su-list *last;
int index;
ascii string label;
ascii string value;
char mnemonic (4];
ascii string equivalent label;
struct au list *next;
} surface-usagelist;

11 material *material match(a record *,charl],float * ,int *);
11 material *memorysmaterial(int, 11_material *);
void rollupllmll1 material *);
usagelist *memory usage_1ist(int,usagelist *);
surface usagelist *memory surface usagelist(int
,surface usage list *);

usage list *load usage list(char label ],int indexusagelist *);
surface usagejlist *load surfaceusagelist(charC],int
,char(],char(],charfl,surface usagelist *);
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void search usage list(intchartlint *,usage list *);
void search surfaceusage list(int1charCl,int *,charlu,charCl
,charl],surface usage list *);

int mchar(int *,charll);
void headerO,
void lines(int);
void bufferpad(char[l,intint);
void abortl0;
void addcell(charCJcharC],FILE *,int *,int,float,int *);
void add surface(int,charx],charo] ,FILE *,FILE *,int *,char(]

,surface usage-list *,int *);
void add symmetry surfaces(int,FILE *,FILE *,surface usage_1ist *

,int);
void add material(FILE *,int *,char[],int,1 l material *);

void vessel~generation(float apitch,float vodfloat vthick,float sod
,float sthick,float tutpr,float tcgr,float bltpr,float bcpr
,FILE *1U8, FILE *lu9, FILE 'lulO,int *ncell,int *nsurface
,int *nmaterial,a record *ptr core mtlschar mvesselt ,char mshroud ]
,char mtgC],char mcpfl,char mutp[J,char mltp[]
,int core f,surface-usagelist *ptr surface usage
,usagelist **ptr-materialusage,float bypass density,float afl){

/*. - - - - - - - - - - - -

- - * v e s s e 1 g e n e r a t i o n * Generates Vessel Compo-
nents in MCNP Deck

Argur
I

I

IfO

nent(6):
tpitch - fuel assembly pitch

sod - shroud outer radius
;thick - shroud thickness

vod - pressure vessel outer radius
rthick - pressure vessel thickness
tutpr - Top of Upper Tie Plate Region
tcgr - Top of Core Grid Region

bltpr - Bottom of Lower Tie Plate Region
bcpr - Bottom of Core Plate Region

re_loc - positions for incore instrumentation
lug - pointer to scratch file for cell representa-

tations
lu9 - pointer to scratch file for surface repre-

tations
lulO - pointer to scratch file for material repre-

sentations
ncell - number of MCNP gometrical cells in the in-

put card images thus far
xrface - number of MCNP gometrical surfaces in the

input card images thus far
.erial - number of MNCP materials in the problem

thus far

(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)
(input)

(input)

(input)

(output)

(output)

(output)

(input)
(input)
(input)
(input)
(input)

nst

nmat

ptr-core-mtls

mvessel
mshroud

mtg
mcp

- pointer to linked list of core materials
- material identifier for vessel
- material identifier for core shroud
- material identifier for top grid region
- material identifier for core plate region
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- - mutp - material identifier for upper tie plate (input)
- - region
- - mltp - material identifier for lower tie plate (input)
- - region
- - -core f - fraction of core in problem (input)
- - (1 - full, 2 - half, 4 - quarter)
- - ptr-surface usage
- - - pointer to linked list for surface labels (output)
- - and indices
- - ptr-materialmusage
- - - pointer to linked list for material labels (output)
- - and indices
- - bypass-density
- - - density for bypass water in problem (g/cc) (input)
- - afl - active fuel length (cm) (input)

- - Variable Definition(s) - - - - - - - - - - - - - - - - - - - - -
- - Integer Variable(s)
- - ns - counter for number of "virtual' surfaces acemulated
- - n-entries - number of elements and isotopes in a particular
- - material
- - index - index used for searching usage lists
- - zero - zero value;
- - pid - process identifier of job creating input deck
- - version - version number for linkage code

short int ns;
int n entries.index,zero - 0;
extern short version;
extern long pid;

/* - Float Variable(s)
- - density - material density

*/
float density;

/* - Character Variable(s)
- - buffer - string variable used to load entire lines for print
- - label - label for editing
- - ptr buf - pointer to buffer;
-- zaid - MONP element/isotope identifier
- - mnemonic - surface type mnemonic
- - case title - title for job
- - value - definition of surface
-- codemn - name of linkage code
- - cdate - date of linkage code execution
- - crtime - time of linkage code execution
- - modification level
- - - modification level for linkage code

char zaidfllJ, mnemonict41;
extern char case titleD;
ascii string buffer, label, value;.
char 7ptr buf;
extern char codenm[5);
extern char cdate[91;
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extern char crtime[9];
extern char modification level;

/* - FILE Variable(s)
--nout - output file

extern FILE *nout;
/* - Structured Variable(s)

- - ptr-mtl - pointer to material definition link list
- - pm - working pointer to material definition link list
- - ptr sl - pointer to current record in surface usage link list
- - ptr ml - pointer to current record in material usage link list

11-material *ptrjmtl, *pm;
usage list *ptr-ml - NULL;
surface usage list *ptr sl * NULL;

/* - Write Title for Case and Header Records for Cell Representations */
fprintflu8ecase title);
fprintf (lu8, "c\n7);
fprintf(lu8,"c Input Deck Generated by Vs, Version t2i:tc\n"
,codenm,version,modification level);

fprintftlue,"c Generated on ts at Vs by Process %i\n"
,cdate,crtime,pid);

fprintfCluS,"c\n");
fprintf(lu$,"c Cell Cards\n");
fprintf(luS, "c\n");
fprintf(lue,"c Cells Defining Problem Domain\nw);
fprintfCluB,wc\n");

/* - Write Header Records for Surface Representations - - - - - - - -
fprintf lu9,oc Surface Cards\n");
fprintf(lu9,'c\n");
fprintf lu9,'c Surfaces for Problem Domain\n");

/* - Write Header Records for Material Representations - - - - - - - *-
fprintfClulo,"c Material Cards\n");

/* - Write Header for Deck Generation Edit Table */
headers;
lines (5)*
fprintf(nout

,"OMCNP Input Card Representation Generation Summary Table\nn);
fprintffnout
,"O Cell Surface(s) Material/Index/Density Universe");

fprintf(nout," Definition\n");
fprintf (lout, "\n");

/* - Vessel - - - - - - - - - - - - - - - - - - - - - - - - - - - - -*
/* - Cell Cards */

(*nmaterial) ++;
intt len * 6, length;
length , mchar(&len,mvessel);
mvesseltlengthj - '\01;

ptr mtl * materialmatch(ptr core mtls,mvessel,&density
,&n_entries);

*ptr material usage e load-usagelist (mvessel, 1, *ptr material-usage);
ptrml * *ptr material usage;
strcpy(label,"Pressure Vessel");
add cell(label,mvessel,luS,ncell,*nmaterial,-density,&zero);
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/* - Surface Cards */
/* - Top of Problem */
strcpy(label,"Top of Problem");
strcpy (mnemonic, "pzl);
index * -13
sprintf(value,"tlO.4E",(tcgr+30.0));
add surface(0,label,mnemonic,1u8,1u9,&index,value
,ptr surface usagensurface);

/* - Bottom of Problem */
strcpy(label,"Bottom of Problem");
strcpy(mnemonic, "pz");
index * 1;
sprintf(value,"tlO.4E",(bcpr-30.0));
add surface(O,label,mnemonic,lu8,1u9,&index,value
,ptr surface usage,nsurface);

/* - Maximum Radial Extent of Problem */
strqpy(label,"Maximum Radial Extent of Problem");
strcpy(mnemonic,"cz");
index a -1;
sprintf(value, "%O1.4E", (vod/2));
add surface(0,label,mnemonic,luB,lu9,&index,value
,ptr surface-usage,nsurface);

/* - Symmetry Boundaries, if Present */
if((coref -- 2) | (core-f .- 4)){

(*nsurface)++;
strcpy(label,"X-Z Plane");
strcpy(mnemonic,"py");
strcpy(value,uO.O");
ptrsl - ptr surface usage;
while(ptr sl->next i- NULL) ptr sl , ptr sl->next;
ptr sl - load surfaceyusage list(label,*nsurface,value
,mnemonic,"",ptr sl);

fprintf(lue," %i", *nsurface);
fprintfllu9,ac ts\n",ptrsl->label);
fprintf(lu9," *tli t10 .0\n",*nsurface,mnemonic);
sprintf(buffer," %6i" ,*nsurface);
bufferpad(buffer,strlen(buffer),59);
ptr buf - buffer+59*hizeof(char);
sprintf(ptr buf,"*s\n",label);
lines (3);
fprintf(nout,buffer);
if(core f m- 4){

(*nsurface)++;
strcpy(label,"Y-Z Plane");
strcpy(mnemonic,"px");
strcpy(value,"0.0");
ptr sl a load surfaceusage list(label,*nsurface,value
,mnemonic, "",ptr el);

fprintfClua," ti",-(*nsurface));
fprintf(lu9,"c %s\n",ptr-sl->label);
fprintf lu9," *%li ts 0.O\n",*nsurface,mnemonic);)
sprintf(buffer," %6i ts", - (*nsurface),mnemonic);
bufferpad(buffer,strlen(buffer),59);
ptr buf - buffer+59*sizeof(char);
sprintf(ptr buf,s"%a\n",label);
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lines (1);
fprintf(nout,buffer);

}
/* - Inner Radial Surface of vessel */

strcpy(label, Inner Radial surface of vessel");
strcpy(mnemonic,"cz');
index - 1;
sprintf(value, "%O.4E",((vod/2)-vthick));
add surface(O,label,mnemonic,luS,1u9,&index,value
,ptrsurface usage,nsurface);

fprintf lue,"\n imp:n. i.o\n");
/* - Material Cards */
add material(lulO,nmaterial,mvessel,n entries,ptr mtl);
rollupllm(ptr mtl);

/* - *Outside" World - - - - - - - - - - - - - - - - - - - - - - - -
/* - Cells */

strcpy(label,""*Outside" World");
add cell(label, voidm,lu8,ncell,0,0.0,&zero);

/* - Edit List of Surfaces *1
fprintftlu.8," (8);

/* - Maximum Radial Extent of Problem */
index - 3;
search surface usage list(O,label, index,n"",', ""
,ptrsurfaceusage);

add surface(l,label,"", lus,1u9,&index, n,ptr surface usage
,nsurface);

/* - Top of Problem */
index - 1;
search surface usage list(O,label,Lindex,"n,"","*
,ptr surface usage);

fprintf(lu," :");
add surface(1L,label,"",lusluS,&index,"",ptr surface usage

,nsurface);
/* - Bottom of Problem */

index * 2;
search surface usage list(O,label, index,"",u Nil

,ptr surface-usage);
fprintf(lu8,":n);
index - -index;
add surface(, label,n ",lu8,1u9,&index,'",ptr surface usage

,nsurf ace);
/* - Symmetry Surfaces, if present) */

iftlcore f *- 2) 11 (core f -- 4)){
strcpy(label,"X-Z Plane");
search surface usage list(l,label,&index,n "', u nN

,ptr surface_usage);
fprintf(lu8,n: n);
index - -index;
add surface (1,label,"",lu8,1u9,&index,"n",ptrsurface usage
,nsurface);

if(core f .- 4){
strcpy(label,-Y-Z Plane');
search-surface usagelist(llabel,&index, 's""n""
,ptr surface usage);

fprintf(lu8, n." );
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add surface(i,label, ",lu8,1ug,&index, n ,ptr surface usage
,nsurface);

fprintf(lue,"). ii);
fprintf(lu8,"\n imp:nw O.O\n");

/* - Jet Pump Region - -- - - - - - - - - - - - - - - - - */
/* - Cells */

(*nmaterial)++;
strcpyflabel,"Jet Pump Region,);
add cell(label,"Bypass Water",luB,ncell,*nmaterial,-bypass density
,&zero);

/* - Surface(s) */
/* - Inner Radial Surface of Vessel */
strcpy(label,"Inner Radial Surface of Vessel");
search surface usage list(l,label,&index, a, n"wn

,ptr surface usage);
if(index *- omm
lines(3);
fprintf(nout,0O*** F a t a 1 E r r o r * -- Function");
fprintf(nout," vessel-generation -- \ne);
fprintf(nout," Surface not Found in Linked List, label *
fprintf(nout,l ts\n",label);
abort;);}

index - -index;
add surface(l,label, "",lu8,1u9,&index," n",ptr surface usage
,nsurface);

f* - Outer Radial Surface of Core Shroud */
strcpy(label,"Outer Radial Surface of Core Shroud");
strcpy(mnemonic, "cz");
index * 1;
sprintf(value,"I10.4E",(sod/2));
add surface(Olabel,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface);

/* - Symmetry Surfaces, if present) */
if((core-f m- 2) jj (core-f -- 4))
addsymmetry_ urfaces(core f,lus,1u9,ptr surface usage,0);

/* - Top of Problem */
strcpy(label,"Top of Problem");
search surface usage list(1,label, index, nH, Nf, n In

,ptr surface usage);
if(index .. om )

lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** -- Function");
fprintf(nout,* vessel-generation -- \n");
fprintfn(out," Surface not Found in Linked List, label -

fprintf(fnout," ts\n",label);
abort 0;)

index * -index;
add surface(l,label, ""luS,1u9,&index,"",ptr surface usage
,nsurface);

/* - Bottom of Problem */
strcpy(label,"Bottom of Problem");
search surface usage list(l,label,&index,","" n "",

,ptr surface usage);
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if(index -- °)
lines(3);
fprintf(nout,Uo*** F a t a 1 E r r o r ** -- Function");
fprintf(nout," vessel_generation _- \--);
fprintf(nout," Surface not Found in Linked List, label *
fprintf(fnout," ts\n",label);
abort();}

add surface(l,label," ,lu8,1u9,&index,"",ptr-surface usage
,nsurface);

fprintf~luS,"\n imp:nl.O\n");
/* - Material(s) */

{ short int i, nloc;
char *cp;
strcpy(label,"Bypass Water");
fprintf(lulO,oc ts\n",label);
ptr ml a load usage list(label,*nmaterial,ptr ml);
strcpy(zaid,"OOl0Ol.SOc");
nloc , O;
if(*nmaterial < 1000) nloc++;
if(*tmaterial e 100) nloc++;
if(*nmaterial < 10) nloc++;
strcpy(label,"2.0"1);
{ short int ip;
for(ip w l;ip c- nloc;ip++)
fprintf(lulo," ");
fprintf(lulO,"mti to %s\n
,*nmaterial,zaid,label);

strcpy(zaid,"008016.50c");
strcpy(label,"1.0");
fprintf(lulO," ts ts\n"

,zaid,label);
{ short int ip;
for(ip * l;ip c- (nloc-l);ip++) fprintf(lulO," 1);
fprintf(lubO,"mtli lwtr.Ol\n",*nmaterial);

/* - Core Shroud - - - - - - - - - - - - - - - - - - - - - - - - - -
/* - Cells */
strcpy(label,"Core Shroud");

/* - Load Core Materials Database *1
int len a 6, length;
length * mchar(&len,mshroud);
mshroud[lengthl s \0 ;

search usage list(1,mshroud,&index,*ptr material Usage);
if (index ma 01)

(*nmateria1)++;
index - *nmaterial;
ptrnmtl - materialmatch(ptr core mtls,mshroud,&density

, &n entries);
ptr ml - *ptr material usage;
while(ptr ml->next Im NULL) ptr ml - ptr ml->next;
index , (ptrml-Aindex) +;
ptr ml * load usagelist(mshroudindex,ptr-ml);I



Waste Package Organization Calculation (Attachment)
Title: Listing of Routines and Functions for BLINK, Version 1
Document Identifier BOOOOOOO-0 1717-0210-00010 REV 01 Attachment XX Page 173 of 180

else
n entries - 0;

add cell(label,mshroud,luB,ncell,index,-density,&zero);
/* - Surface(s) */
/* - Outer Radial Surface of Core Shroud */
strcpy(label,"Outer Radial Surface of Core Shroud");
search surface usage list(1,label,&index,"","",""
,ptr surface usage);

if (index m O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** -- Function");
fprintf(nout," vesselgeneration -- \n");
fprintf(nout," Surface not Found in Linked List, label -
fprintf(nout," ta\n",label);
abort 0;)

index - -index;
add surface(,label,, ",luB,1u9,&index,"",ptr surface usage
,nsurface);

/* - Inner Radial Surface of Core Shroud */
strcpy(label,"Inner Radial Surface of Core Shroud");
strcpy(mnemonic,"czw);
sprintftvalue,ot10.4E",((sod/2)-sthick));
addsurface(O,label,mnemonic,luS,1u9,&index,value
,ptrsurface-usage,nsurface);

/* - Symmetry Surfaces, if present) */
if((core f *- 2) 11 (core f -- 4))
addsymmetry surfaces(core f,lu8,1u9,ptr surface usage,0);

/* - Top of Problem */
strcpy(label, "Top of Problem");
search surface usagelist(l,label,&index,"",""n,""
,ptr surface usage);

if(index mn O){
lines(3);
fprintf(nout,'1O*** F a t a 1 E r r o r *** -- Function");
fprintf(nout," vesselgeneration -- \n");
fprintf(nout," Surface not Found in Linked List, label .
fprintf(nout," sa\n',label);
abortl);)

index - -index;
add surface(l,label,"",luG,lu9,&index,n ",ptr surface usage
,nsurface);

/* - Bottom of Problem *1
strcpy(label,"Bottom of Problem");
search surface usage list(l,label,&index,"" ", ""

,ptr surface usage);
if(index mu o7m
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** -- Function");
fprintf(nout," vesselgeneration -- \n");
fprintf(nout," Surface not Found in Linked List, label -
fprintf.(nout," ts\n",label);
abort (;)

add surface(l,label,"O,luS,1u9,&index,"",ptr surface usage
,nsurface);

fprintf(luG,"\n imp:n-l.O\n");
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/* - Material(s) */
ifln entries In O){
add- material(lulonmaterialmshroudn entries,ptr mtl);
rolluplIlm(ptr mtl);

/* - Upper Tie Plate Region - - - - - - - - - - - - - - - *-
/* - Celle *J

int len * 6, length;
length - mchar(&len,mutp);
mutp(lengthl - '\°'t

strcpy label,mutp);
(*nmaterial)++;
ptr mtl * material match(ptr core mtls,mutp,&density, _n entries);
ptrjml - *ptr material usage;
while(ptrml-';next I= NULL) ptr ml , ptr-ml->next;
index - (ptrml->index)+l;
ptr ml , load usage list(mutp,index,pt'r ml);
stropy(label, Uppper Tie Plate Region");
add cell(label,mutp,lu8,ncell,index,-density
,&zero);

/* - Surface(s) */
/* - Inner Radial Surface of Core Shroud */

strcpy(label,oInner Radial Surface of Core Shroud);
search surface usagelist(1,label,&index,."","","N

,ptr-surfaceyZsage);
if(index -, O){

lines(3);
fprintf(nout,UO*** F a t a 1 E r r o r *** -- Function,,);
fprintf(nout," vessel-generation -- \nl);
fprintf(nout," Surface not Found in'Linked List, label *
fprintffnout," ti~n",label) 7
aborto0;)

index * -index;
add surface(l,label,"",luSwlu9,&index, ",ptr surfaceusage

,nsurface);
/* - Symmetry Surfaces, if present) */

if((core f ,, 2) || (coref -- 4))
addsynmmetry surfaces (core f,luB,lu9,ptr surface usage,0);

/* - Top of Active Fuel */
strcpy(label,"Top of Active Fuel");
strcpy(mnemonic,"pzl);
index a 1;
sprintf(value,`"%10.4E",afl);
add surface(O,label,mnemonic,luB,1u9,&index,value
,ptr surface usage,nsurface)s

/* - Top of Upper Tie Plate Region */
strcpy(label,"Top of Upper Tie Plate Region");
strcpy(mnemonic, %pz");
sprintf(value, "%0.4EN,.tutpr);
index a -1;
add surface(0,label,mnemonic,luS,1u9, index,value
,ptrsurface usage,naurface);

fprintf(lue,"\n imp:nml.O\n");
/* - Material(s) */
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add-material (lulO,nmaterial,mutp,n...entries,ptrjmtl);
rollup lim(ptr-mtl);

/* - Core Grid Region - - - - - - - - - - - - - - - - - - - - - -*
/* - Cells */

{ nt len * 6, length;
length * mchar(&len,mtg);
mtg~lengthl .-\0t;

(*nmaterial)++;
ptr mtl * material match(ptr core mtls,mtg,&density,&n entries);
ptrml - *ptr material usage;
while(ptr ml-a'next I- NOLL) ptr ml * ptr ml->next;
index * (ptr ml->index)+1;
ptr ml * load usage list(mtg,index,ptr ml);
strcpy(label,"Core Grid Region");
add cell(label,mtg,luS,ncell,index,-density

,&zero);
/* - Surface(s) */
/* - Inner Radial Surface of Core Shroud */

strcpy(label, "Inner Radial Surface of Core Shroudw);
search surface usagelist(l,label,&index,n n ,"nt
,ptr surface usage);

if (index *- O){
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r * -- Function");
fprintf(nout," vessel-generation -- \n");
fprintf(nout," Surface not Found in Linked List, label -

fprintf(nout," Ps\n*,label);
aborto0;)

index - -index;
add surface(l,label,"',1u8,1u9,&index, "",ptr surface usage

,nsurface);
t* - Symmetry Surfaces, if present) *1

if((core f *, 2) 1j (core f mm 4))
addsymmetry surfaces(core f,luB,lu9,ptr surface usage,0);

/* - Top of Upper Tie Plate Region */
strcpy(label,"Top of Upper Tie Plate Region");
search surface usage list(l,label,&index, ",n"",""
,ptr surface usage);

if(index *, O-)
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r ** -- Function");
fprintf(nout," vessel-generation -- \nH);
fprintf(nout," Surface not Found in Linked List, label *
fprintf(nout," ts\n",label);
abortl);)

add surface(l,label, ",luS,1u9, index,"",ptr surface usage
,nsurface);

/* - Top of Core Grid Region */
strcpy(label,"Top of Core Grid Region");
strcpy(mnemonic,"pz");
index . -1;
sprintf(value, "%10.4E",tcgr);
add surface(O,label,mnemonic,lue,1u9, index,value
,ptr surface usage,nsurface);
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fprintf(1u8,"\n imp:n-l.O\n");
/* - Material(s) */
add material(lulO,nmaterialimtg,nentriesptr mtl);
rollup lim(ptr mtl);

/* - Upper Plenum Region - - - - - /
/* - Cells */
strcpy(label,"Bypass Water');
search usage list(1,label,&index,*ptr material usage);
if(index . o){

lines(3);
fprintf(nout,0O*** F a t a 1 E r r o r ** -- Function");
fprintf(nout,' vesselgeneration -- \n");
fprintf(nout,' Material not Found in Linked List, label ,
fprintf(nout,w ts\n",label);
abort() ;}

strcpyOabel,upper Plenum Region");
add cell(label,"Bypass Water",luB,ncell,index,-bypass density

,&zero);
/* - Surface(s) *1
/* - Inner Radial Surface of Core Shroud */

strcpy(label,"Inner Radial Surface of Core Shroud");
search surface usagelist(1,label,&index, n *,"""

,ptr surface usage);
if(index m-m J
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** -- Function");
fprintf(nout,* vessel-generation -- \n") ;
fprintf(nout," Surface not Found in Linked List, label *
fprintf(nout,' %s\nw,label);
abort C);)

index - -index;
add surface(l,label, "". lu8,luS,&index, "U ,ptr surface usage
,nsurface);

/* - Symmetry Surfaces, if present) */
if((core f -a 2) || (core f -- 4))

addsxysmetry surfaces(core f,luB,1u9,ptr surface usage,O);
/* - Top of Core Grid Region */

strcpy(label,"Top of Core Grid Region");
search surface usagelist(l,label,&index," n *, "uW*u
,ptrsurface.usage);

if(index n m ){
lines(3);
fprintf(nout,UO*** F a t a 1 E r r o r ** -- Function");
fprintf(nout," vessel-generation -- -n");

fprintf(nout," Surface not Found in Linked List, label ,
fprintf(nout," ts\nw,label);
abort();)

add surface(1,label," n ,lu8,1u9, index, "",ptr surface usage
,nsurface);

/*- Top of Problem */
strcpy.label,"Top of Problem*);
search surface usage list(l,label,&index,'",*n,*"
,ptr surface usage);

if(index -- O){
lines(3);
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fprintf(nout,flo*** F a t a 1 E r r o r ** -- Function");
fprintf(nout,"' vessel-generation -- \n");
fprintf(nout," Surface not Found in Linked List, label - t);
fprintffnout," %s\n",label);
abort0;i}

index - -index;
add surface(l,label, ", ue,lu9,&index,"",ptr surface usage
,nsurface);

fprintftlu8,"\n imp:n-l.O\n");
/* - Material (s) */
/* - Bypass Water Assumed in this Region */
/* - Lower Tie Plate Region - - - - - - - - - - - - - - - - - - - -
/* - Cells */

int len * 6, length;
length . mchar(&len,mltp);
mltp[lengthN = -\01;

)
(*nmaterial)++;
ptr-mtl * material_match(ptr core mtls,mltp,&density,&nnentries);
ptr ml * *ptr materialusage;
while(ptr ml-o'next 1- NULL) ptr ml - ptr ml->next;
index * (ptrml->index)+.l;
ptr ml * load usage_list(mltpindex,ptr ml);
strcpy(label, Lower Tie Plate Region*);
add cell(label,mltp,lu,ncell,index,-density
,&zero);

/* - Surface(s) */
/* - Inner Radial Surface of Core Shroud */

strcpy(label,"Inner Radial Surface of Core Shroud");
search surface usagelist (1,label,&index, "","",""
,ptr surface-usage);

if(index .. 0)-
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** -- Function");
fprintf(nout,v vesselgeneration -- \n");
fprintf(nout," Surface not Found in Linked List, label *
fprintf(nout," tx\n",label);
abortl);)

index - -index;
add surface(l,label,n" nluS, lu9, &index,"",ptr surface usage

,nsurface);
/* - Symmetry Surfaces, if present) *J

if((core f - 2) | (core f - 4))
add symmetry surfaces(core f,IuS,luS,ptr surface usage,0);

/* - Bottom of Active Fuel */
strcpy(label,"Bottom of Active Fuel");
strcpy(mnemonic,"pz"n);
sprintf(value,"0.0");
index - -1;
add surface(O,label,mnemonic,luS,1u9,&index,value
,ptr surface usage,nsurface);

/* - Boitom of Lower Tie Plate Region *1
strcpy(label,"Bottom of Lower Tie Plate Region");
strcpy(mnemonic,"pz4);
sprintf(value, 41O.4E",bltpr);
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index - 1;
add surface(0,labelmnemonicluS,lu9,&index,value
,ptr surface usagensurface);

fprintfllu8, "\n imp:n-l.0\n");
f* - Materialts) */
add material(lulO,nmaterial,mltp, nentries,ptrmtl);
rollupillm(ptr mtl);

/* - Fuel Support/Core Plate Region - - - - - - - - - - - - - - - -*
/* - Cells */

{ int len * 6, length;
length - mchar(&len,mcp);
mcptlength] - '\0';

(*nmaterial) ++;
ptr mtl * material match(ptr core mtls,mcp,&density,&nentries);
ptr7ml *ptr material usage;
while(ptr ml-';next 1- ULL) ptr ml * ptr ml-,next;
index = (ptrml->index)+1;
ptr ml * load usage_list(mcp,index,ptr ml);
strcpy(label, "Fuel Support/Core Plate");
add cell(label,mcp,luB,ncell,index,-density,&zero);

/*- surface(s) */
/*- Inner Radial Surface of Core Shroud */
strcpy(label,"Inner Radial Surface of Core Shroud");
search surface usage list(l,label,&index, ow,""H"
,ptr surface usage);

iffindex mm ol
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r * -- Function");
fprintf(nout," vessel_generation -- \no);
fprintf(fnout," Surface not Found in Linked List, label a );
fprintf(nout," %s\n",label);
aborto0;)

index a -index;
add surface(l,label,"",luS,1u9,Lindex,"Hptrsurface usage
,nsurface);

J* - Symmetry Surfaces, if present) *1
if((core f no 2) 11 (core f - 4))

add symmetrysurfaces(core f,lu8,1u9,ptr surface usage,0);
/* - Bottom of Lower Tie Plate Region */
:trcpy(label,"Bottom of Lower Tie Plate Region"),
search surface usage _list(1, abel,&index, "","","
,ptr surface usage);

if (index m)(

lines(3);
fprintf(nout,"0*** F a t a 1 E r r o r *' -- Function");
fprintf(nout," vessel-generation -- \n");
fprintf(nout,' Surface not Found in Linked List, label *
fprintf(nout," ts\n",1abel);
abort();}

index * -index;
add surfaceCl,label, ",luG,1u9, index, "" *ptr -surface- usage
,nsurface);

/* - Bottom of Fuel Support/Core Grid Region */
strcpy(label,"Bottom of Fuel Support/Core Plate Region");
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strcpy(mnemonic,Npzr");
sprintf(value,Nt10.4E",bcpr);
add surface(O,label,mnemonic,lus,1u9,&index,value
,ptr surface usagensurface);

fprintf(lu8,"\n imp:nml.o\n");
/* - Material(s) */

add material(lulo,nmaterial,mcp, n entries,ptr mtl);
/* - Lower Plenum Region - - - - - - - - - - - 7- - - - - *
/* - Cells */
strcpy(label,ftBypass Water");
search usage list(l,label,&index,*ptr-material-usage);
if index mO

lines(3);
fprintf(nout,'O*** F a t a 1 E r r o r *** -- Function");
fprintf(nout," vessel-generation -- \n")
fprintf(nout," Material not Found in Linked List, label *
fprintf(nout," %s\n*,label);
aborto);}

sprintf label,"Lower Plenum Region");
add cell(label,"Bypass Water",luB,ncell,index,-bypass density
,&zero);

J* - Surface(s) */
/* - Inner Radial Surface of Core Shroud */

strcpy(label,'Inner Radial Surface of Core Shroud$);
searchsurface usagelist(1, label,&index,, U§, #e1 n
,ptr surface usage);

if(index *- o)f
lines(3);
fprintf(nout,"O*** F a t a 1 E r r o r *** -- Function");
fprintf(nout," vessel-generation -- \no);
fprintf(nout," Surface not Found in Linked List, label -
fprintf(lnout," %s\n",label);
aborto;)

index - -index;
add surface(l,labe, "N,luS,1u9,&index, "U ,ptr-surface usage
,nsurface);

J - Symmetry Surfaces, if present) "I
if((core f -a 2) 11 (core-f *, 4))
add symmetry surfaces(core f,luB,lu9,ptr surface usage,O):

/* - Bottom of Fuel Support/Core Plate Region */
strcpy(label, 'Bottom of Fuel Support/Core Plate Region");
search surface usage_list(l,label,&index,"","R,"'
,ptr surface_usage)s

if(index m JR
lines(3);
fprintf(nout,U0*** F a t a 1 E r r o r *** -- Function*);
fprintf(fout,m vessel-generation -- \n-);
fprintftnout," Surface not Found in Linked List, label * U);

fprintf (nout,' Ws\nm,label);
aborto0;)

index a -index;
add surface(l,label,"',luB,1u9, i'ndex, " D,ptrsurface usage
,nsurface);

/* - Bottom of Problem */
strcpy(label,'Bottom of Problem");
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searchbSurface usage~-int(1,label,&index, n "#n ,"
,ptr surface usage);

if (index o-)
lines(3);
fprintf(noutIo*** F a t a 1 E r r o r ** -- runction");
fprintf(nout," vessel_generation -- \n-);
fprintftnout," Surface not Found in Linked List, label -
fprintf(nout," %s\n",label);
abort(1;}

add surface(l,label, "",luS,lu9,&index,"",ptr surface usage
,nsurface);

fprintf(luB,"\n imp:n~i.O\nn1;
/* - Material(s) */
/* - Bypass Water Assumed in this Region */
}


